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ABSTRACT
N u c l e a r  a d e n o s i n e  d i p h o s p h o r i b o s y l  t r a n s f e r a s e  (ADPR- 
t r a n s f e r a s e )  i s  p r e s e n t  in  a l l  n u c le a te d  c e l l s  i n  a n im a ls , p l a n t s  and 
lo w e r  o r g a n is m s  s t u d i e d  s o  f a r ,  w i th  t h e  e x c e p t io n  o f  a  num ber o f  
t e r m i n a l l y  d i f f e r e n t i a t e d  c e l l s  i n  w h ic h  t h e  n u c l e i  h a v e  c e a s e d  
t r a n s c r i p t i o n .  T h is  enzyme w hich  c a t a l y s e s  t h e  f o r m a t io n  o f  m ono, 
o l ig o  and p o ly (A D P -rib o se )-m o d ified  c h ro m a tin  p r o te in s  from NAD, i s  
e n t i r e l y  dependen t on DNA c o n ta in in g  s t r a n d - b r e a k s  fo r  i t s  a c t i v i t y .  
I t  h a s  b e e n  d e m o n s t r a te d  t h a t  n u c l e a r  A D P R -transferase  a c t i v i t y  i s  
r e q u i r e d  f o r  e f f i c i e n t  DNA e x c i s i o n  r e p a i r  a n d  a num ber o f  o t h e r  
c e l l u l a r  p ro c e s s e s  w hich may in v o lv e  DNA s t r a n d -b re a k  fo rm a tio n  and 
r e jo in in g ,  such  a s  c e l l u l a r  d i f f e r e n t i a t i o n ,  m ito g e n ic  a c t iv a t io n  o f  
q u ie s c e n t  ly m p h o cy tes , s i s t e r  c h ro m a tid  exchange, a n t ig e n ic  v a r i a t io n  
in  T .b ru c e i and th e  s t a b l e  e x p re s s io n  o f  t r a n s f e c te d  DNA in  mammalian 
h o s t  c e l l s .
The work d e s c r ib e d  h e re  h as  d e m o n s tra te d  th e  p re sen ce  o f  ADPR- 
t r a n s f e r a s e  a c t i v i t y  i n  b lo o d s t r e a m  fo rm s  o f  T .b ru c e i  an d  i t s  
a c t i v a t i o n  b y  DNA s t r a n d - b r e a k s ,  e i t h e r  b y  e x p o s u r e  t o  t h e  
m o n o f u n c t io n a l  m e th y la t in g  a g e n t ,  d im e th y l  s u lp h a t e  (DMS), o r  
i o n i s i n g  r a d i a t i o n  ( Y - r a d i a t i o n ) .  I n h i b i t o r s ,  b u t  n o t t h e  n o n -  
i n h i b i t o r y  a c i d  a n a lo g u e s ,  p a r t i a l l y  b lo c k  t h e  DNA d am ag in g  a g e n t  
in d u c e d  lo w e r in g  o f  c e l l u l a r  NAD l e v e l .  T h e se  i n h i b i t o r s  a l s o  
p o t e n t i a t e  th e  c y to to x ic i ty  o f  bo th  DMS tr e a tm e n t  and Y - i r r a d i a t i o n .  
I t  i s  a l s o  d e m o n s tra te d  th a t  h i  v i t r o  d i f f e r e n t i a t i o n  o f  b lo o d s tre a m  
fo rm s  o f  T .b r u c e i  t o  p r o c y c l i c  fo rm s  c a n  b e  p a r t i a l l y  b lo c k e d  by 
i n h i b i t o r s  o f  A D P R - tra n s fe ra s e .  H ow ever t h e  i n h i b i t i o n  o f  t h i s  
enzyme d id  n o t  e f f e c t  th e  r a t e  o f  p r o l i f e r a t i o n .
C h ap te r 1
I n tro d u c t io n  t o  A D P -rib o sy la tio n
1 .1  B io s y n th e s is  o f  NAD
S in c e  e a r l y  1 9 5 0 's  a  num ber o f  s t u d i e s  h av e  shown t h a t  NAD 
(F ig . 1.1) a s  w e l l  a s  b e in g  a  coenzyme in  many b io lo g ic a l  o x id a t io n -  
re d u c t io n  r e a c t io n s ,  a l s o  p a r t i c i p a t e s  in  o th e r  im p o rta n t b io lo g ic a l  
p ro c e s s e s  and i s  th e  u n ique  s u b s t r a t e  f o r  th e  b io s y n th e s is  o f  mono, 
o l ig o  and po ly(A D P-ribose) in  A D P -rib o sy la tio n  r e a c t io n s .
G e n e r a l ly  t h e  c e l l u l a r  s y n t h e s i s  o f  NAD may be  d iv id e d  i n t o  
c y to p la s m ic  s t e p s  an d  n u c l e a r  s t e p s  an d  i s  e s s e n t i a l l y  a  c y c l i c  
pathw ay  w hich o c c u rs  in  th r e e  q u i t e  d i f f e r e n t  ways (F ig. 1.2).
A -  The c y to p la sm ic  c o n v e rs io n  o f  am ino a c id  try p to p h a n  to  n i c o t i n i c  
a c i d  m o n o n u c le o t id e  (NaMN) th ro u g h  3 - h y d r o x y a n t h r a n i l i c  a c i d  and  
q u i n o l i n a t e .  T h is  p a th w a y  w as fo u n d  t o  b e  p r e s e n t  in  th e  l i v e r  
(N ish izu k a  & H a y a ish i, 1963 and Nakamura e t  a l . ,  1963) and mammalian 
k id n e y s  o n ly .  I t  h a s  b e e n  show n t h a t  s e v e r a l  m am m alian  c e l l  l i n e s  
a r e  u n a b le  t o  s y n t h e s i s e  n i c o t in a m id e  f ro m  t r y p to p h a n  ( H i l l y a r d  
e t  a l . ,  1973 a n d  J a c o b s o n  e t  a l . ,  1979 ).
B -  C ondensation  o f  n i c o t i n i c  a c id  w ith  p h o sp h o rib o sy l py rophosphate  
(PRPP) t o  fo rm  n i c o t i n i c  a c i d  m o n o n u c le o t id s  (NaMN) in  a v ia n  l i v e r  
(P r e is s  & H an d le r, 1958a,b ), in  av ian  k id n e y  (Sarm a, 1961) as  w e ll  a s  
i n  c h ic k e n  e r y t h r o c y t e s  (L in  & H e n d e rs o n , 19 7 2 ). I t  h a s  b e e n  
o b s e rv e d  t h a t  many t i s s u e s  a r e  u n a b le  t o  c o n v e r t  n i c o t i n i c  a c i d  t o  
NaMN d i r e c t l y  ( C o l l i n  & C h a y k in , 1972 an d  L in  & H e n d e rso n , 1972). 
T h is  c o n d e n s a t io n  r e a c t i o n  i s  c a t a l y s e d  by  t h e  enzym e n i c o t i n a t e  
p h o s p h o r ib o s y l  t r a n s f e r a s e  (NaPRT). NaMN p ro d u c e d  in  t h i s  way 
m i g r a t e s  t o  t h e  n u c l e u s  w h e re  i t  i s  c o n d e n s e d  w i th  ATP t o  g iv e  
n i c o t i n a t e  ad e n in e  d in u c le o t id e  (NaAD). The enzym e c a ta ly s in g  t h i s  
s t e p  i s  n i c o t in a t e  m o n o n u c le o t id e  a d e n y l - t r a n s f e r a s e .  The s y n th e s is  
o f  NAD from  n i c o t i n i c  a c id  r e p r e s e n ts  an  im p o r ta n t pathway e s p e c ia l ly  
i n  th e  l i v e r .
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F ig . 1 .2  NAD M e ta b o lis in g  Enzymes in  N u clea ted  C e l ls
A C y top lasm ic Enzymes
1 . Q u in o lin a te  s y n th e t i c  enzyme
2 . Q u in o lin a te  p h o s p h o r ib o s y l- t r a n s f e r a s e
3 . N ic o t in a te  p h o s p h o r ib o s y l- t r a n s f e r a s e  (NaPRT)
4 . N ic o t in a te  deam inase
5 . N ico tin am id e  phospho r i b o s y l - t r a n s f  e r a s e  (NmPRT)
6 . NAD s y n th e ta s e
7 . NAD g ly c o h y d ro la se
B N uclear Enzymes
1. N ic o t in a te  m o n o n u c leo tid e  a d e n y l - t r a n s f e r a s e
2 . N A D -pyrophosphorylase
3 . A D P R -transferase
4 . A D PR -glycohydrolase
5 . NAD p h o sp h o k in ase
Np = N uclear p r o te in
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C -  In  t h i s  way n i c o t in a m id e  i s  t h e  d i r e c t  p r e c u r s o r  o f  t h e  NMN. 
The r e a c t i o n  o c c u r s  i n  t h e  c y to p la s m  w i th  th e  c o n d e n s a t io n  o f  
n i c o t i n a m i d e  w i th  p h o s p h o r ib o s y l  p y ro p h o s p h a te  (PRPP) t o  fo rm  
n i c o t in a m id e  m o n o n u c le o t id e  (NMN), c a t a l y s e d  by  n i c o t in a m id e  
p h o s p h o r i b o s y l - t r a n s f e r a s e  (NmPRT), NMN th e n  d i f f u s e s  i n t o  t h e  
n u c l e u s  and  t h e r e  t h e  enzym e N A D -p y ro p h o sp h o ry la se  c a t a l y s e s  t h e  
co n d e n sa tio n  o f  NMN and ATP to  form  NAD w ith  th e  r e le a s e  o f  in o rg a n ic  
py rop h o sp h a te . T h is  pathw ay  o c c u rs  in  r a t  mammary g la n d  (Greenbaum & 
P in d e r ,  1 9 6 8 ), m ouse t i s s u e s  ( S t r e f f e r  & B e n e s , 1971 an d  C o l l i n s  & 
Chaykin, 1972), and c e l l u l a r  l e v e l s  (G runicke e t  a l . ,  1966; H il ly a rd  
e t  a l . ,  1973 and Jaco b so n , 1979). The NAD s y n th e s is e d  in  th e  n u c le u s  
i s  th e n  used  by th e  n u c le a r  enzyme A D P R -transferase  fo r  b io s y n th e s is  
o f  p o ly (A D P -rib o se ).
Ih e  s tu d y  o f  NAD m e tab o lism  in  e u k a ry o t ic  c e l l s  h as  ta k en  on an 
in c re a s e d  s ig n i f i c a n c e  in  r e c e n t  y e a r s .  T h is  i n t e r e s t  co n ce rn s  th e  
t r a n s f e r  o f  A D P-ribose r e s id u e s  from  NAD t o  c e l l u l a r  p r o te in s  o r  t o  
th e  ad en in e  r ib o s e  o f  a n o th e r  A D P-ribose m o lecu le , a  p ro c e s s  c a l l e d  
A D P -rib o sy la tio n . R e ic h s te in e r  e t  a l .  (1976 a ,b )  have shown t h a t  th e  
h a l f  l i f e  o f  NAD i n  hum an HeLa c e l l s  i s  a b o u t  1 h o u r ,  an d  t h a t  o n ly  
a b o u t  5% o f  t h e  NAD s y n t h e s i s e d  i n  t h e  c e l l  i s  r e q u i r e d  f o r  re d o x  
r e a c t i o n s .  The o th e r  95% i s  h y d r o ly s e d  i n  th e  n u c l e u s ,  a lm o s t  
c e r t a i n l y  c a ta ly s e d  by A D P R -transferase  (F ig . 1.2).
1 .2  A D P R -transferase
B o th  in  te r m s  o f  f u n c t i o n  and  c e l l u l a r  l o c a t i o n ,  t h e r e  a r e  a t  
l e a s t  tw o  c l a s s e s  o f  A D P R - tr a n s f e r a s e  en zy m es: n u c lea r(A D P R -
t r a n s f  e r a s e ) ,  and n o n -n u c le a r  (A D P R -transferase).
1 .2 .1  N u c le a r(A D P R -tra n s fe ra se )
N u c le a r  (A D P R - tra n s fe ra s e )  i s  a  c h r o m a tin -b o u n d  enzym e. The 
p re s e n c e  o f  t h i s  n u c le a r  enzyme h a s  been  re p o r te d  in  m ost n u c le a te d  
c e l l s  in  a n im a ls , p l a n t s  and low er e u k a ry o t ic  c e l l s  s tu d ie d  so  f a r .  
Ih e  e x c e p tio n s  b e in g  t h a t  a number o f  t e r m in a l ly  d i f f e r e n t i a t e d  c e l l s  
in  w hich th e  n u c le i  have cea se d  t r a n s c r i p t i o n  eg. m atu re  e r y th r o c y te s  
( N is h iz u k a  e t  a l . ,  1 9 6 7 ) , m a tu re  g r a n u l o c y t e s  ( I k a i  e t  a l . ,  1 9 8 0 a ,b ; 
I k a i  e t  a l . ,  1981) a n d  i n t e s t i n a l  e p i t h e l i a l  c e l l s  ( p o r t e o u s  & 
P e a r s o n ,  1 9 8 2 ). The p r e s e n c e  o f  t h i s  enzym e a c t i v i t y  h a s  a l s o  b e e n  
re p o r te d  in  p ro to z o a n  p a r a s i t e s  P lasm odium  y o e l i i  (O ko lie  & O n y e z i l i ,  
1 9 8 3 ) , T ry p an o so m a  c r u z i  ( W i l l i a m s ,  1983b) and  T ry p an o so m a  b r u c e i  
(F a rz a n e h  e t  a l . ,  1 9 8 5 ; A l s h a r i f  e t  a l . ,  1 9 8 6 a ,b ) . The in v o lv e m e n t  
o f  A D P R - tr a n s f e r a s e  a c t i v i t y  i n  try p a n o s o m e s  w i l l  b e  d i s c u s s e d  
f u r t h e r  i n  c h a p t e r  2. N u c le a r (A D P R - tra n s fe ra s e )  c a t a l y s e s  t h e  
p o s t s y n t h e t i c  m o d i f i c a t i o n  o f  n u c l e a r  p r o t e i n s  by  t h e  c o v a l e n t  
a t ta c h m e n t o f  th e  (A D P-ribose) m o e ity  o f  NAD w ith  th e  co n c o m ita n t 
r e l e a s e  o f  n i c o t i n a m i d e  an d  h y d ro g e n  io n s  p lu s  m ono, o l i g o  an d  
p o ly (A D P -r ib o se )  ( F ig .  1 .3 ) . (A D P -rib o se)n-m o d if ic a t io n  o f  p r o te in s  
in v o lv e s  a t  l e a s t  t h r e e  s te p s ;
1 -  The f i r s t  r e a c t io n  i s  t o  t r a n s f e r  th e  A D P-ribose p o r t io n  o f  
NAD t o  t h e  p r o t e i n  a c c e p t o r ,  t o  fo rm  m o n o -A D P -r ib o sy l 
p r o t e i n  (F ig .  1.3A).
2 -  The n e x t  i s  t h e  t r a n s f e r  o f  a s e c o n d  A D P -rib o se  p o r t i o n  o f  
NAD t o  t h e  m o n o -A D P -rib o sy l p r o t e i n  (F ig . 1 .3B ). I n  t h i s  
r e a c t i o n  t h e  s e c o n d  A D P -r ib o s y l u n i t  i s  l i n k e d  b y  a  ( l " - 2 ' )  
g ly c o s id ic  bond to  th e  ad en in e  r ib o s e  o f  th e  p re c e e d in g  ADP- 
r i b o s e  (M iw a e t  a l . ,  19 7 9 , J u a r e z - S a l i n a s  e t  a l . ,  1 9 8 2 ). 
T h is  ADPR a d d i t i o n  r e a c t i o n  may b e  r e p e a te d ,  g e n e r a t i n g  a
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h om opo lym er o f  p o ly  (A D P -r ib o s e ) , c o v a l e n t l y  l i n k e d  t o  a 
c h ro m a tin  p r o t e i n  (F ig . 1 .3B ).
3 -  A f u r t h e r  r e a c t i o n  i n v o l v e s  t h e  f o r m a t io n  o f  branched  
poly(ADP-ribose). This branching s tr u c tu r e  has been shown t o  
be p r e s e n t  in  p o ly m er  s y n t h e s i s e d  in  v i t r o  (Tanaka e t  a l . ,
1978) and in  v i v o  (Miwa e t  a l . ,  1979 , 1 9 8 1 ). The b ra n ch in g  
c h a in s  p rod u ced  by th e  fo r m a t io n  o f  a s e c o n d  a - ( l " - 2 ' )  
g ly c o s i d i c  bond between a r ib o se  m olecule  in s id e  the  polymer 
and another ADP-ribose m olecule (Miwa e t  a l . ,  1979; Miwa e t  
a l . ,  1981) (F ig  1.3C ). The p o lym er w h ich  may be up t o  65 
u n it s  long i s  s o lu b le  in  water and in  a lk a l in e  s o lu t io n s ,  but 
i s  p r e c i p i t a t e d  by a c i d s  (Fujim ura  & Sugim ura , 1971 , and  
Sugimura, 1973).
The enzym e h as  an a b s o l u t e  req u ir em en t  f o r  DNA s t r a n d -b r e a k s  
(B enjam in  & G i l l ,  1 9 7 8 , 19 8 0 a ; Y osh ihara  e t  a l . ,  1 982 ; Cohen e t  a l . ,  
1982; Ueda e t  a l . ,  1 982 ; C le a v e r  e t  a l . ,  1983; O hgushi e t  a l . ,  1980; 
Cohen & B e r g e r ,  1981 ; Y osh ih ara  e t  a l . ,  1980 ; B erger e t  a l . ,  1 9 7 8 a , 
1979 , 1980 ; I t o  e t  a l . ,  1979 ; H a ld o r sso n  e t  a l . ;  1978 ; Smulson e t  
a l . ,  1977 and M i l l e r  1975 a ,b ) .  A lso  i t  h a s  been  shown th a t  ADPR- 
t r a n s f e r a s e  r e q u i r e s  Mg++ and t h i o l  r e a g e n t s  s u c h  a s  DTT 
( d i t h i o t h r e i t o l )  f o r  m axim al a c t i v i t y  (Y osh ih ara  e t  a l . ,  1978; 
Nierdergang 1979, and Carter & Berger 1981).
P u r i f ic a t io n  o f  nuclear ADPR-transferase has been attempted by 
se v e r a l  workers (Yoshihara, 1972; Ueda e t  a l . ,  1975; Okayama e t  a l . ,  
1977 ; T so p a n a k is  e t  a l . ,  1976 , 1978; S h iz u ta  e t  a l . ,  1985 , 1986; 
B u r ts c h e r  e t  a l . ,  1986 and Suzuki e t  a l . ,  1 987). The most r e c e n t  
e s t im a te s  o f  th e  m olecular weight o f  nuclear ADPR-transferase i s  in  
th e  ra n g e  o f  1 1 5 0 0 0 -1 2 0 0 0 0  (S ee  t a b l e  1 .1 ). T h is  enzyme i s  a
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g lo b u l a r  p r o t e i n  ( I t o  e t  a l . ,  1979) w i th  an  i s o - e l e c t r i c  p o in t  o f  9.4 
( K r i s t e n s e n  an d  H o l t l u n d ,  1978) o r  9.8  ( I t o  e t  a l . ,  1 9 7 9 ) ,  a n d  t h e  N- 
t e r m i n u s  a p p e a r s  t o  be  b lo c k e d  ( T s o p a n a k i s  e t  a l . ,  1978 ; I t o  e t  a l . ,
1979). The p u r i f i e d  enzyme c a t a l y s e s  t h e  A D P -r ib o s y la t io n  o f  a range  
o f  n u c l e a r  p r o t e i n s  i n c l u d i n g  h i s t o n e s  ( Y o s h i h a r a  e t  a l . ,  1980  and  
Mandel e t  a l . ,  1980), a s  w e l l  a s  t h e  a u t o - m o d i f i c a t i o n  o f  t h e  enzyme 
m o lecu le  i t s e l f  (Y oshihara e t  a l . ,  1977; Ueda e t  a l . ,  1979; O gata  e t  
a l . ,  1981 ; H a y a i s h i  e t  a l . ,  1981; A g em o ri  e t  a l . ,  1982 ; K a w a ic h i  e t  
a l . ,  1981 and Zahradka & E b i s u z a l i ,  1982). The a b i l i t y  o f  t h e  enzyme 
t o  m odify  i t s e l f  i n c r e a s e s  w i t h  i n c r e a s i n g  i o n i c  s t r e n g t h  ( F e r r o  & 
O l i v e r  1982).  A D P R - t r a n s f e r a s e ,  p u r i f i e d  f ro m  c a l f  th y m u s  g l a n d ,  
mouse t e s t i s ,  and human p l a c e n ta ,  was found t o  be  c le a v e d  by l i m i t e d  
p r o t e o l y s i s  i n t o  3 d i f f e r e n t  d o m a in s  ( S h i z u t a  e t  a l . ,  1985  & 1986).  
The f i r s t  d o m a in  (m ol w t = 4 6 ,0 0 0 )  c o n t a i n e d  t h e  s i t e  f o r  DNA 
b in d in g ,  t h e  second-dom ain (mol. wt = 22,000) c o n ta in e d  t h e  poly(ADP- 
r i b o s e ) - a c c e p t i n g  ( a u t o - m o d i f i c a t i o n )  s i t e ,  a n d  t h e  t h i r d  d o m a in  
(m o l.  w t.  = 5 4 ,0 0 0 )  c o n t a i n e d  t h e  NAD ( s u b s t r a t e ) - b i n d in g  s i t e .  The 
am ino a c i d  components o f  enzyme from  a l l  t h r e e  d i f f e r e n t  s o u r c e s  w ere 
a l s o  v e r y  s i m i l a r  t o  e a c h  o t h e r  ( S h i z u t a  e t  a l . ,  1985) .  B u r z i o  e t  
a l . ,  1981, showed t h e  p re s e n c e  o f  a  h ig h  A D P R -transfe rase  a c t i v i t y  in  
i s o l a t e d  r a t  t e s t i s  m i t o c h o n d r i a .  I n h i b i t i o n  s t u d i e s  show ed  t h a t  
l i k e  t h e  n u c l e a r  enzyme, t h e  r a t  t e s t i s  m i to c h o n d r ia l  enzyme can  be 
i n h i b i t e d  c o m p l e t e l y  by i n i b i t o r s  o f  t h e  n u c l e a r  A D P R - t r a n s f e r a s e  
a c t i v i t y  s u c h  a s  n i c o t i n a m i d e ,  t h e o p h y l l i n e  and t h y m i d i n e  (Kun e t  
a l . ,  1 975 ) .  The p r e s e n c e  o f  A D P R - t r a n s f e r a s e  i n  n u c l e o l i  h a s  a l s o  
been  r e p o r te d  (Kawashima and Izaw a, 1981).
A n t i b o d i e s  d e v e lo p e d  a g a i n s t  A D P R - tra n s fe ra se  (R ochett  e t  a l . ,  
1980 ; M a l ik  e t  a l . ,  1982 an d  L a m a r re  e t  a l . ,  1986) h a v e  show n g r e a t  
d i f f e r e n c e s  i n  t h e i r  r e a c t i o n  w i t h  A D P R - t r a n s f e r a s e  d e r i v e d  f ro m
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d i f f e r e n t  s o u r c e s .  T h i s  s u g g e s t s  som e s p e c i e s  v a r i a t i o n  i n  t h e  
enzym e s t r u c t u r e .  The r e c e n t  m o l e c u l a r  c l o n i n g  o f  t h e  ADPR-
t r a n s f e r a s e  g e n e  an d  t h e  s u b s e q u e n t  a n a l y s i s  o f  i t s  n u c l e i c  a c i d  
sequence  s ta n d s  t o  p r o v id e  t h e  most d i r e c t  ev id en ce  on t h e  degree  o f  
c o n s e rv a t io n  o f  A D P R -transfe rase  s t r u c t u r e  in  d i f f e r e n t  s p e c ie s .  The 
p ro b e s  have been used  t o  i n v e s t i g a t e  mRNA e x p re s s io n  in  t h e  HeLa c e l l  
c y c l e  ( A l k h a t i b  e t  a l . ,  1987) a n d  d u r i n g  HL-60 c e l l  d i f f e r e n t i a t i o n  
(S u z u k i  e t  a l . ,  1987).
1 .2 .2  N on-n u c lea r(A D P R -tran sfe rase )
N o n -n u c lea r  m ono(A D P -ribose) m o d ific a tio n  o f  p r o te in s  has been 
observed in  both prokaryotes and eukaryotes. The c h a r a c te r is t ic s  and 
p r o p e r t ie s  o f  th e  e u k a r y o t ic  m ono(A D P R -transferase) i s  b r i e f l y  
exam in ed  b e lo w . D e s p it e  t h e  d is c o v e r y  o f  num erous ex a m p les  o f  
m on o(A D P R -tran sferase) a c t i v i t i e s  in  p r o k a r y o te s ,  u n t i l  1978 a 
s i m i l a r  a c t i v i t y  had n o t  b een  i s o l a t e d  from  e u k a r y o t ic  c e l l s .  In  
1978 M oss and Vaughan d e s c r ib e d  a c y t o s o l i c  m on o(A D P -tran sferase)  
a c t i v i t y  in  tu r k e y  e r y t h r o c y t e s  and s u b s e q u e n t ly  p u r i f i e d  t h i s  
enzym e t o  h o m o g en e ity  (M oss and Vaughan, 1978 & 1980) .  The enzym e  
found in  turkey e r y th r o c y te s  m od ified  a rg in in e  and i t s  d e r iv a t iv e s ,  
and was capable o f  a c t iv a t in g  th e  ad en y la te  c y c la se  o f  ra t brain  in  
t h e  p r e s e n c e  o f  NAD. T h is  enzym e e x i s t e d  in  tw o d i f f e r e n t  fo r m s , 
p r o to m e r ic  ( f u l l y  a c t i v e )  and o l ig o m e r ic  ( r e l a t i v e l y  in a c t i v e ) .  
A c t iv a t io n  was p rom oted  by c h a o tr o p ic  s a l t s ,  h i s t o n e s  (M oss & 
Vaughan, 1 9 8 2 ) ,  and n o n - io n ic  d e t e r g e n t s  (Ueda e t  a l . ,  1982). 
Although NAD was c l e a r ly  th e  p referred  su b s tr a te , th e  enzyme cou ld  
use NADP (Moss & Vaughan, 1982). The enzyme a c t iv i t y  was in h ib ite d  
by n ico tin a m id e , th ym id in e, and th e o p h y llin e  (Moss e t  a l . ,  1980), as  
i s  p o ly (A D P R -tr a n s fe r a se ) . F u rth erm o re , membrane f r a c t i o n s  o f
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v a r i o u s  m a m m a lia n  c e l l s  w e re  fo u n d  t o  p o s s e s s  e n d o g e n o u s  ADPR- 
t r a n s f e r a s e s  (Beckner & B eckner, 1981; Walaas e t  a l . ,  1981; V i t t i  e t  
a l . ,  1982; L e s t e r  e t  a l . ,  1982).
The f i n d i n g  o f  t h e s e  a r g i n i n e - s p e c i f i c  A D P R - t r a n s f e r a s e s  in  
v e r t e b r a t e s  c a r r i e d  tw o  m a jo r  i m p l i c a t i o n s ,  o n e  w a s  t h e  p o s s i b l e  
r o l e s  i n  s i g n a l  t r a n s m i s s i o n ;  and  t h e  o t h e r  w as c o n c e r n e d  w i t h  
h e t e r o g e n e i t y  o f  A D P - r i b o s y l  p r o t e i n  b o n d s .  T h e  f i n d i n g  o f  
s t i m u l a t i o n  o f  r a t  l i v e r  a d e n y la te  c y c la s e  by t h e  t u r k e y  e r y th r o c y te  
enzyme (Moss & Vaughan, 1978), t h e  s t i m u l a t i o n  o f  A D P -r ib o s y la t io n  by 
s p e c i f i c  hormones ( V i t t i  e t  a l . ,  1982), and  A D P - r ib o s y la t io n  o f  th e  
a  s u b u n i t  o f  Ns , by endogenous enzymes and  c h o l e r a  t o x i n  (Beckner & 
B e c k n e r ,  1981; D eW olf e t  a l . ,  1981; V i t t i  e t  a l . ,  1982) a l l  s u p p o r t  
t h e  v iew  t h a t  t h e  v e r t e b r a t e  enzymes m ight f u n c t i o n  a s  p h y s io lo g i c a l  
c o u n t e r p a r t s  o f  c h o l e r a  t o x i n  ( c a s s e l  & P f e u f f e r ,  1978  and  G i l l  & 
Meren, 1978) o r  EL c o l i  e n t e r o to x in  LT (H aya ish i  & Ueda, 1982).
1 .3  A D P -r ib o sy la t io n  o f  C e l l u l a r  P r o te in s
A D P -r ib o sy la t io n  i s  a p r o t e i n  m o d i f ic a t io n  p r o c e s s  which o c c u rs  
w id e ly  i n  n a t u r e  and h as  c o n s id e r a b le  im p o r tan ce  i n  t h e  r e g u l a t i o n  o f  
enzyme a c t i v i t y .  As m entioned  e a r l i e r ,  NAD i s  u sed  i n  t h e  p ro c e s s  
n o t  a s  a  c o f a c t o r  a s  i n  b i o l o g i c a l  r e d o x  r e a c t i o n s ,  b u t  a s  a 
s u b s t r a t e  in  a  m o le c u la r  mechanism f o r  m o d u la t in g  t h e  a c t i v i t y  o f  a 
w id e  v a r i e t y  o f  c e l l u l a r  p r o t e i n s  ( H a y a i s h i  & U eda 1982; G a a l  & 
P e a r s o n ,  1985- an d  Ueda & H a y a i s h i ,  1985 ) .  The r e a c t i o n s  a r e  
c a t a l y s e d  by t h e  enzymes n u c l e a r  and n o n -n u c le a r  (A D PR-transf e ra s e ) .
In  e u k a ry o te s ,  such  r e a c t i o n s  ta k e  p l a c e  b o th  i n s i d e  and o u t s id e  
t h e  c e l l  n u c l e u s .  P o ly ( A D P - r ib o s y la t i o n )  a p p e a r s  t o  be  c o n f in e d  t o  
t h e  e u k a r y o t i c  n u c le u s ;  m ono(A D P-ribosylation) o c c u r s  th ro u g h o u t  t h e
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e u k a r y o t i c  c e l l :  i n  t h e  n u c le u s ,  cy to p lasm , m i to c h o n d r ia  and u s in g  
membrane p r o t e i n s  a s  s u b s t r a t e s .
Both p oly  and m cno(A DP-ribosylation) has been th e  su b jec t o f  a 
number o f  e x t e n s iv e  r e v ie w s  (S u gim u ra , 1973; H ilz  & S to n e , 1976 ; 
H a y a ish i & Ueda, 1977 and P u r n e l l  e t  a l . ,  1980).  For more r e c e n t  
rev iew s s e e  (S h a ll, 1984; A lthaus e t  a l . ,  1985; Ueda & H ayaish i, 1985 
and Gaal & Pearson, 1986).
Ih e  purpose o f  t h i s  in tro d u ctio n  i s  th e r e fo r e  not an e x te n s iv e  
rev iew  o f  th e  f i e l d ,  but ra th er a summary r e la t in g  th e  d iv e r se  a rea s  
o f  A D P -r ib o s y la t io n ,  DNA r e p a ir ,  c e l l u l a r  d i f f e r e n t i a t i o n  and  
try p a n o so m ia sis .
1 .3 .1  N uclea r  (A D P -r ib o sy la t io n )  and i t s  B io lo g ic a l  s i g n i f i c a n c e
The n u c l e i  o f  a l l  c e l l s  s t u d i e d  t h u s  f a r  c o n t a i n  an  e n z y m ic  
s y s te m  c a p a b le  o f  p o s t - s y n t h e t i c  m o d i f ic a t io n  o f  n u c le a r  p r o t e i n s  by 
t h e  c o v a le n t  a t ta c h m e n t  o f  t h e  (ADP-ribose) m oe ity  o f  NAD (H aya ish i  & 
U eda ,  1982 and  Ueda & H a y a i s h i ,  1985).  A l th o u g h  " n u c l e a r "  i s  o f t e n  
u sed  synonymously w i th  "poly" when d e s c r ib in g  A D P -r ib o sy la t io n ,  t h i s  
i s  i n c o r r e c t .  There i s  a  n u c l e a r  mono( ADPR-transf e ra s e )  (Tanigawa e t  
a l . ,  1 9 8 4 ) ,  h o w ev e r  i t  d o e s  n o t  r e p r e s e n t  t h e  m a j o r i t y  o f  ADPR- 
t r a n s f e r a s e  a c t i v i t y  i n  t h e  n u c le u s .  Adamietz e t  a l .  (1984) e s t i m a t e  
t h a t  l e s s  th a n  5% o f  t h e  t o t a l  c e l l u l a r  m ono-A D P-ribosylated  p r o t e i n s  
a r e  l o c a t e d  i n  t h e  n u c l e u s .  The enzym e a p p e a r s  t o  b e  s p e c i f i c  f o r  
a r g i n i n e  r e s i d u e s .  The a c c e p t o r s  o f  A D P - r ib o s e  m o l e c u l e s  i n c l u d e  
b o th  h i s to n e s  and n o n - h i s t  one n u c l e a r  p r o t e i n s .  As long ago a s  1968, 
N i s h i z u k a  e t  a l . ,  s u g g e s t e d  t h a t  h i s t o n e s  H i ,  H2a, H2b a n d  H3 o f  r a t  
l i v e r  c o u l d  a l l  b e  c o v a l e n t l y  l i n k e d  t o  p o l y  (A D P -r ib o s e ) .  ADP- 
r i b o s y l a t i o n  o f  h i s t o n e s  h a s  s i n c e  b e e n  r e p o r t e d  n o t  o n ly  i n
mammalian n u c le i (Sm ith & Stocken 1973 and Ueda e t  a l . ,  1975) but in  
th e  sea  urch in , Echinus e sc u le n tu s  (Ord & Stocken 1977) and in  tro u t  
t e s t i s  (Wong e t  a l . ,  1977).
The c o v a le n t  l in k a g e  o f  A D P -rib ose  t o  p r o t e in s  was f i r s t  
p o stu la te d  by N isn izuka e t  a l .  (1968 & 1969). T his was la t e r  proved 
by th e  d e m o n s tr a t io n  th a t  t h e  A D P -rib ose  l in k a g e  t o  h i s t o n e s  was 
preserved  during c e n tr ifu g a t io n  in  a CsCl d e n s ity  g ra d ien t con ta in in g  
g u a n id in iu m  h y d r o c h lo r id e  (O take e t  a l . ,  1969).  T here a r e  a t  l e a s t  
tw o  d i f f e r e n t  t y p e s  o f  bonds b e tw een  A D P -rib ose and a c c e p to r  
p r o t e in s .  One ty p e  b e in g  s e n s i t i v e  t o  b o th  a l k a l i  and n e u tr a l  
h y d r o x y la m in e , t h e  other: b e in g  a l k a l i  l a b i l e  b u t r e s i s t a n t  t o  
hydroxylam ine (Adam ietz & H ilz  1975, 1976).
The i n i t i a l  o b serv a tio n  which la t e r  led  to  th e  d isco v ery  o f  th e  
p o ly (A D P -r ib o se ) , a hom opolym er o f  a d e n o s in e  d ip h o s p h o r ib o s e , was 
made in  th e  la b o r a to r y  o f  chambon in  S tr a sb o u r g  in  1963. Chambon 
and c o -w o r k e r s  r e p o r te d  th a t  in  th e  p r e s e n c e  o f  n ic o t in a m id e  
m o n o n u c le o tid e  (NMN), hen l i v e r  n u c le i  c o u ld  in c o r p o r a te  [a d e n in e  
^C]-ATP in to  an a c id - in s o lu b le  m a ter ia l (Chambon e t  a l ,  1963). The 
in corp oration  o f  [^C]-ATP in to  a c id - in s o lu b le  m a ter ia l was shown to  
b e m ed ia ted  th ro u g h  th e  fo r m a tio n  o f  NAD from  ATP and NMN by NAD 
p y r o p h o sp h o r y la se  (chambon e t  a l . ,  1966; F ujim ura e t  a l . ,  1967 and 
Sugimura e t  a l . ,  1967). Thus in  th r e e  d if f e r e n t  la b o r a to r ie s  i t  was 
show n th a t  NAD was th e  tr u e  s u b s t r a t e  fo r  th e  n u c le a r  enzym e ADPR- 
t r a n s f e r a s e .  T he p r o d u c t  c o u ld  b e  c l e a v e d  by sn a k e -v e n o m  
p h osp h od iesterase  to  a n u c le o t id e  co n ta in in g  tw o r ib o se  u n its  and two 
p h o sp h a te  r e s id u e s  p er  a d e n in e  (Chambon e t  a l . ,  1966; N ish iz u k a  e t  
a l . ,  1967; R eeder e t  a l . ,  1967 and H asegaw a e t  a l . ,  1967). T h is  
p ro d u ct o f  th e  A D P R -tra n sfera se  was f i n a l l y  i d e n t i f i e d  a s  th e  
homopolymer o f  adenosine d iphosphor ib o s e ,  A D P -rib ose  u n i t s ;  l in k e d
t o g e t h e r  t h r o u g h  ( l " - 2 ' )  g l y c o s i d i c  b o n d s  b e tw e e n  a d j a c e n t  r i b o s e  
m o le c u le s  (Chambon e t  a l . ,  1966 and Doly & P etek , 1966).
S in c e  t h e  d i s c o v e r y  o f  p o ly (A D P -r ib o s e ) ,  t h e r e  h as been  
c o n s id e r a b le  s p e c u la t io n  a s  t o  i t s  p h y s i o lo g ic a l  f u n c t io n .  The 
o b serv a tio n  th a t  th e  ADPR-transferase i s  resp o n sib le  fo r  m o d ific a tio n  
o f  c h r o m a t in  a s s o c i a t e d  p r o t e i n s  l e d  t o  s p e c u l a t i o n  o f  i t s  
in v o lv e m e n t  i n  t h e  r e g u l a t i o n  o f  n u c le a r  m e t a b o l i s m .  D a ta  
a c c u m u la te d  t o  d a te  have r e s u l t e d  in  a c o r r e la t io n  b e tw een  th e  
a c t i v i t y  o f  ADPR-transferase and DNA e x c is io n  rep a ir  (Durkacz e t  a l . ,
19 8 0 ) .  I t  h a s  a l s o  b een  im p lic a t e d  in  a number o f  e x a m p le s  o f  
eu k a ry o tic  c e l lu la r  d i f f e r e n t ia t io n  (Farzaneh e t  a l . ,  1980, 1982; and 
W il l ia m s ,  1 9 8 3 a ,b , 1 9 8 4 ) ,  t o g e t h e r  w ith  m ito g en  a c t i v a t i o n  o f  
q u ie s c e n t  ly m p h o c y te s  (J o h n sto n e  & W illia m s , 1982; Greer & Raplan, 
1983; Johnstone, 1984 and Johnstone & D arling 1985), S is t e r  chrom atid  
ex ch a n g e  (N a ta ra ja n  e t  a l . ,  1 9 8 2 ) ,  a n t ig e n ic  v a r ia t io n  in  T .b ru ce i 
(C orn elissen  e t  a l . ,  1985), and th e  s ta b le  exp ressio n  o f  tr a n sfe c te d  
DNA in  mammalian h ost c e l l s  (Farzaneh personal communication) have 
a l l  been r e la te d  to  A D P -ribosylation . For a recen t rev iew  o f  ADPR- 
tr a n s fe r a se  involvem ent in  c e l lu la r  p ro cesses  s e e  S h a ll (1984); Ueda 
& H a y a ish i (1 9 8 5 ) ;  A lth a u s  & S h a l l  (1 9 8 5 ) ;  G aal & P ea rso n  (1985 and 
1 9 8 6 ) .  A b r i e f  r e p o r t  o f  c i r c u m s t a n t ia l  e v id e n c e  s u g g e s t in g  th a t  
A D P -rib osy la tion , by im p lic a t io n  p o ly  (A D P -ribosylation), may have a 
r o le  in  p lan t c e l l  d i f f e r e n t ia t io n  was g iven  by Sugiyama and Komamine 
(1 9 8 7 ) .
S tu d ie s  o f  th e  p h y s i o lo g ic a l  r o l e  o f  A D P -r ib o s y la t io n  have  
b a s ic a l ly  r e l ie d  on th e  measurements o f  enzyme a c t iv i t y ,  q u a n tita tio n  
o f  th e  in  v i t r o  le v e l s  o f  poly(A D P -ribose), and s tu d ie s  o f  th e  e f f e c t  
o f  in h ib it io n  o f  A DPR -transferase a c t i v i t y  d u r in g  v a r io u s  c e l l u l a r
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f u n c t i o n s .  A l t e r n a t i v e l y  t h e  i d e n t i f i c a t i o n  and s tu d y ,  u s u a l l y  in  
v i t r o , o f  A D P - r i b o s y l a t e d  p r o t e i n s  h a s  a l s o  b een  lo o k e d  a t .  The 
e a r l i e s t  approach  t o  d e te rm in e  t h e  b i o l o g i c a l  f u n c t io n  o f  poly(ADP- 
r i b o s e )  w as t o  i s o l a t e  n u c l e i  f ro m  c e l l s  i n  v a r i o u s  s t a t e s  an d  
a t t e m p t  t o  c o r r e l a t e  t h e  a c t i v i t y  o f  t h e  enzym e w i t h  a  p a r t i c u l a r  
c e l l  s t a t e .  One m ajor p rob lem  in  u s in g  i s o l a t e d  n u c l e i  i s  t h e  f a c t  
t h a t  t h e  i s o l a t i o n  p r o c e d u r e  i t s e l f  l e a d s  t o  f o r m a t i o n  o f  
e x p e r im e n ta l ly  induced  DNA s t r a n d - b r e a k s  w h ich  t h e m s e l v e s  a c t i v a t e  
t h e  enzym e ( H a l l d o r s s o n  e t  a l . ,  1978). T h e r e f o r e  t h e  v a l i d i t y  o f  
such  enzyme a c t i v i t y  m easurm ents  must be t r e a t e d  w ith  c a u t io n  because  
i t  i s  n o t  a  t r u e  r e f l e c t i o n  o f  th e  s i t u a t i o n  in  th e  i n t a c t  c e l l .  In  
r e c e n t  y e a r s  v a r i o u s  s y s t e m s  o f  c e l l  p e r m e a b i l i s a t i o n  f o r  b o t h  
p r o k a r y o t i c  ( S c h o l l e r  e t  a l . ,  1972; P i s e t s k y  e t  a l . ,  1972) a n d  
e u k a r y o t i c  c e l l s  ( R e i n h a r d  e t  a l . ,  1977; B e r g e r  e t  a l . ,  1977 ; 
C a s t e l l o t  e t  a l . ,  1978 ; M i l l e r  e t  a l . ,  1978) h a v e  p r o v i d e d  a m ore  
r e a l i s t i c  m ode l f o r  t h e  s t u d y  o f  enzym e a c t i v i t y  t h a n  t h e  u s e  o f  
i s o l a t e d  n u c l e i .
In a d d it io n  t o  m o d ify in g  a v a r i e t y  o f  p r o t e in s  th e  ADPR- 
tr a n s fe r a se  c a ta ly s e s  an a u to m o d ifica tio n  rea c tio n  (Kawaichi e t  a l . ,
1981).  In t h i s  r e a c t io n  w hich  i s  p ro b a b ly  in t e r m o le c u la r ,  th e  
tr a n s fe r a se  can a tta ch  t o  i t s e l f  a s  many as 15 ADP-ribose ch a in s o f  
up to  80 res id u es  each (Kawaichi e t  a l . ,  1981).
1 . 3 .2  N on-nuclear (A D P -r ib o sy la t io n )  and i t s  B io lo g ic a l  S ig n i f i c a n c e
The e x t r a n u c l e a r  A D P - r i b o s y l a t i o n  sy s tem  does n o t  r e q u i r e  t h e  
p re s e n c e  o f  DNA o r  s t r a n d - b r e a k s  f o r  a c t i v i t y .  T h is  A D P -r ib o sy la t io n  
i s  a  m ajor c y to p la s m ic  p o s t - t r a n s l a t i o n a l  p r o t e i n  m o d i f ic a t io n .  I t  
i n c lu d e s  membrane bound (R ic h te r  e t  a l . ,  1983), c y t o s o l i c  ( Ig le w s k i  
e t  a l . ,  1984) and m i to c h o n d r ia l  p r o t e i n  A D P -r ib o sy la t io n  (R ic h te r  e t
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a l . ,  19 8 3 ) .  R i c h t e r  e t  a l .  (1983) p o s t u l a t e d  a  r o l e  f o r  ADP- 
r i b o s y l a t i o n  o f  s p e c i f i c  in n e r  m i to c h o n d r ia l  membrane p r o t e i n s  in  t h e
O x
r e g u la tio n  o f  Ca e f f lu x .  During t h e ir  s tu d ie s  on th e  mechanism o f  
hydroperoxide-induced r e le a s e  o f  Ca^+ from  r a t  l i v e r  m ito c h o n d r ia ,  
R ich ter 's  group observed th e  cleavage o f  in tram itoch on d ria l p y r id in e  
n u c le o t id e s  concom itant w ith  th e  A D P -ribosylation  o f  a 31kD p ro te in  
a t  an a rg in in e  r e s id u e  a t th e  inner s id e  o f  th e  inner m itoch on d ria l 
membrane.
R e c e n tly  th e  p re s e n c e  o f  a  c y t o s o l i c  A D PR -transferase  has  been 
d e m o n s t r a t e d  w h ic h  c o v a l e n t l y  m o d i f i e s ,  and  h e n c e  i n a c t i v a t e s ,  
p r o t e i n  e lo n g a t io n  f a c t o r  2 (EF2) a t  a  p o s t - t r a n s l a t i o n a l l y  m o d if ied  
h i s t i d i n e  r e s id u e  i n  polyoma v i r u s - t r a n s f o r m e d  BHK c e l l s  and bov ine  
l i v e r  ( I g l e w s k i  e t  a l . ,  1984) .  F u r t h e r m o r e ,  C a r t e r  h a s  s u g g e s t e d  
t h a t  CAMP p ro d u c t io n  and A D P R -transfe rase  a c t i v i t y  may be  r e l a t e d  in  
t h e  h o r m o n a l l y  r e s p o n s i v e  MCF-7 human b r e a s t  c a n c e r  c e l l  l i n e s  
( C a r t e r ,  1 9 8 4 ) .  M ore  r e c e n t l y  t h e r e  h a s  b e e n  t h e  e x c i t i n g  
d e m o n s t r a t io n ,  a l b e i t  u \ v i t r o  , o f  A D P -r ib o sy la t io n  o f  t h e  human c -  
Ha- r a s  p r o t e i n  by i s o l a t e d  hen l i v e r  A D PR -transferase  (Kawamitsu e t  
a l . ,  1986).  A l th o u g h  t h i s  m o d i f i c a t i o n  had  no  d e t e c t a b l e  e f f e c t  on 
e i t h e r  t h e  GTP b in d in g  o r  GTPase a c t i v i t y  o f  t h e  r a s  p r o t e i n  i t  does 
s t r e n g t h e n  t h e  p o s s i b i l i t y  t h a t  A D P - r i b o s y l a t i o n  may p l a y  an  
im p o r ta n t  r o l e  i n  s i g n a l  t r a n s d u c t io n  mechanism. O b se rv a t io n s  such 
a s  t h e s e  i n d i c a t e  t h a t  c y t o s o l i c ,  monomeric A D P -r ib o sy la t io n  may p la y  
a  r e g u l a t o r y  r o l e  i n  s e v e r a l  c e l l u l a r  p r o c e s s e s  i n c l u d i n g  
transm em brane  s i g n a l  t r a n s d u c t io n .
The f o l lo w in g  s e c t i o n s  w i l l  exam in e th e  e v id e n c e  fo r  th e  
involvem ent o f  ADPR-transferase in  DNA rep a ir  and c e l lu la r  growth and 
d if f e r e n t ia t io n  in  more d e t a i l .
1 .4  DNA E x c is io n  R ep a ir
The m ost s u b s t a n t i a l  a n d  c o n v i n c in g  e v i d e n c e  o f  a  b i o l o g i c a l  
r o l e  o f  A D P -r ib o sy la t io n  i s  t h a t  o f  i t s  involvem ent i n  DNA e x c i s i o n  
r e p a i r .  I t  i s  now known t h a t  DNA damaging a g e n ts  such  a s  UV, Y o r  X- 
r a d i a t i o n ,  d im e th y l  s u lp h a t e  (DMS) and m e th y ln i t r o s o u re a  (MNU) damage 
DNA which r e s u l t s  in  a c t i v a t i o n  o f  A D PR -transferase  and d e p l e t i o n  o f  
t h e  c e l l u l a r  NAD l e v e l s  ( S h a l l ,  1984).  The c e l l u l a r  NAD c o n t e n t  
d e c r e a s e s  most r a p i d l y  a t  t h e  t im e  when A D PR -transferase  a c t i v i t y  i s  
h i g h e s t .
U s i n g  s t r e p t o z o t o c i n ,  w h ic h  i s  a g l u c o s e  d e r i v a t i v e  o f  
m e th y ln i t r o s o u re a ,  Whish e t  a l .  (1975) dem o n stra ted  t h a t  in  i s o l a t e d  
n u c l e i  from_Physarum p o ly c ep h a lu m , A D PR -transferase  was a c t i v a t e d  3 -  
f o ld  and t h a t  t h e  d ro p  i n  c e l l u l a r  NAD l e v e l ,  induced by DNA-damaging 
a g e n ts  i s  due t o  a c t i v a t i o n  o f  A D PR -transferase  and i s  no t cau sed  by 
i n h i b i t i o n  o f  NAD b i o s y n t h e s i s  n o r  by  a c t i v a t i o n  o f  NAD 
g ly c o h y d ro la se .  O th e r  t r e a t m e n t s  known t o  damage DNA have a l s o  been 
shown t o  s t i m u l a t e  A D P R -transfe ra se  a c t i v i t y  eg. D avies e t  a l .  (1976,
1977) h a v e  d e m o n s t r a t e d  i n c r e a s e d  enzyme a c t i v i t y  i n  c e l l s  t r e a t e d  
w i t h  Y - r a d i a t i o n  a n d  w i t h  t h e  p o l y p e p t i d e  a n t i t u m o u r  a n t i b i o t i c ,  
n e o c a r  z i n o s t  a t  in .  As m e n t io n e d  e a r l i e r  i t  i s  a l s o  w e l l  documented 
t h a t  A D P R - t r a n s f e r a s e  i s  t o t a l l y  d e p e n d e n t  on t h e  p r e s e n c e  o f  DNA 
which c o n ta in s  s t r a n d - b r e a k s  (Tsopanakis  e t  a l . ,  1978; J a n k id e v i  e t  
a l . ,  1974 ; M i l l e r ,  1975b ; H a l l d o r s s o n  e t  a l . ,  1978 ; B e rg e r  e t  a l . ,  
1978b, 1979 and Benjam in & G i l l  1980a).
In h ib ito r s  o f  ADPR-transferase a c t iv i t y  in h ib it  th e  drop in  NAD 
fo llo w in g  DNA damage (D avies e t  a l . ,  1977, 1978; Jacobson & Jacobson, 
1978; Skidm ore e t  a l . ,  1 979 ; Durkacz e t  a l . ,  1 9 8 0 a ,b; Jaco b so n  e t  
a l . ,  1980 and Sim s e t  a l . ,  1982).  I n h ib i t o r s  o f  A D P R -tra n sfera se
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a ls o  retard  th e  e x c is io n  rep a ir  o f  DNA damage (Durkacz e t  a l . ,  1980; 
Gray e t  a l . ,  1981; D urkacz e t  a l . ,  1 9 8 1 a ,b; Jam es & Lehman, 1982 & 
S h a ll e t  a l . ,  1982). These in h ib ito r s  a ls o  perturb th e  a c t iv a t io n  o f  
DNA l i g a s e  w h ich  o c c u r s  f o l lo w in g  DNA damage (C r e is s e n  and S h a l l ,  
1982).  I t  h a s  a l s o  b een  shown th a t  i n h i b i t o r s  o f  A D P R -tra n sfera se  
a c t i v i t y  en h an ce t h e  c y t o t o x i c i t y  o f  DNA dam aging a g e n ts  (Nduka e t  
a l . ,  1980; D urkacz e t  a l . ,  1980; D urrant e t  a l . ,  1981 and Jam es & 
Lehman, 1982).
These o b serv a tio n s  provided a r a t io n a l exp lan ation  fo r  th e  drop 
in  c e l lu la r  NAD and a t  th e  same tim e s tr o n g ly  su ggest th e  involvem ent 
o f  A DPR-transferase in  th e  c y to to x ic  e f f e c t s  o f  DNA damaging ag en ts .
1 .5  C e l l u l a r  Growth and D i f f e r e n t i a t i o n
The ev id en ce  fo r  th e  p o s s ib le  involvem ent o f  A D P -ribosylation  in  
th e  r e g u la t io n  o f  DNA s y n t h e s i s  and c e l l  p r o l i f e r a t i o n  i s  b o th  
i n d ir e c t  and c o n t r a d ic t o r y .  E x p er im en ts  w ith  p e r m e a b il iz e d  c e l l  
system s have shown th a t th e  a r r e st  o f  DNA s y n th e s is  in  mouse lymphoma 
L1210 c e l l s  by n u t r ie n t  s t a r v a t io n ,  v ir u s  i n f e c t i o n  and by d e n s i t y  
i n h i b i t i o n  o f  grow th  r e s u l t s  in  an in c r e a s e  o f  A D P R -tra n sfera se  
a c t iv i t y .  The tr a n s fe r  o f  tem perature s e n s i t iv e  m utants o f  C hinese  
h a m ster  ov a ry  (CHO) c e l l s  t o  r e s t r i c t i v e  te m p e r a tu r e , or th e  
treatm ent o f  L1210 c e l l s  w ith  c y to s in e  ara b in o sid e  a ls o  r e s u lt s  in  
th e  in c r e a se  o f  th e  in t r in s ic  a c t iv i t y  o f  ADPR-transferase (Berger e t  
a l ;  1978 a ,b ,c ) .  U sin g  p e r m e a b il iz e d  Xeroderma pigmentosum c e l l s ,  
Berger showed th a t U V -rad iation  d e c r e a se d  DNA s y n t h e s i s  b u t had no  
e f f e c t  on p o ly (A D P -r ib o se )  s y n t h e s i s  in  th e se  c e l l s .  Upon a d d itio n  
o f  exogenous UV endonuclease, p o ly (A D P -r ib o se) l e v e l s  in c r e a s e d  and 
DNA s y n t h e s i s  in c r e a s e d  t o  s l i g h t l y  h ig h e r  than  n orm al. T h is
i n c r e a s e  i n  DNA s y n t h e s i s  w as  i n h i b i t e d  by A D P R - t r a n s f e r a s e  
i n h i b i t o r s  (B e rg e r  a n d  S i k a r s k i ,  1981 ) .  H ow ever, a s  p o i n t e d  o u t  by 
H i l z  e t  a l .  (1 9 8 2 ) ,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  u i  v i v o  
m easurm ents  o f  mono (ADP-ribose) i n  hepatoma c e l l s  i n  f a c t  su g g e s t  a 
r o l e  f o r  A D P - r i b o s y l a t i o n  i n  d i f f e r e n t i a t i o n  r a t h e r  t h a n  c e l l  
p r o l i f e r a t i o n .  I t  i s  a l s o  im p o r ta n t  t o  n o te  t h a t  a l th o u g h  t h e r e  a r e  
c h a n g e s  i n  b o th  t h e  e n d o g e n o u s  l e v e l s  o f  A D P - r ib o s e  a n d  i n t r i n s i c  
a c t i v i t y  o f  A D P R -transfe rase  i n  d i f f e r e n t  p r o l i f e r a t i v e  s t a t e s  and  
d i f f e r e n t  s t a g e s  o f  t h e  c e l l  c y c l e ,  t h e  d a t a  a v a i l a b l e  do n o t  su g g e s t  
t h a t  A D P -r ib o sy la t io n  i s  in v o lv e d  i n  th e  r e g u la t io n  o f  DNA s y n t h e s i s  
o r  c e l l  p r o l i f e r a t i o n .  I n  f a c t  a  num ber  o f  d i f f e r e n t  s t u d i e s  h a v e  
shown t h a t  i n h i b i t i o n  o f  A D P R - t r a n s f e r a s e  a c t i v i t y  d o e s  n o t  a f f e c t  
t h e  r a t e  o f  DNA s y n t h e s i s  o r  c e l l  p r o l i f e r a t i o n  i n  m ouse  lym phom a 
L1210 c e l l s  (B e rg e r  e t  a l . ,  1978a  an d  D urkacz  e t  a l . ,  1 9 8 0 ) ,  m ouse 
f i b r o b l a s t s  3T3 c e l l s  ( S h a l l  e t  a l . ,  1 9 8 2 ) ,  C h in e s e  h a m s t e r  o v a r y  
c e l l s  (Berger e t  a l . ,  1982) and Trypanosoma c r u z i  (W i l l i a m s ,  1983b). 
I n  t h e  p a s t  few y e a r s ,  s e v e r a l  ty p e s  o f  ex p e r im en ts  have im p l i c a te d  
A D P R - t r a n s f e r a s e  i n  c e l l u l a r  d i f f e r e n t i a t i o n ,  a l t h o u g h  e a r l i e r  
s t u d i e s  have been u n s u c c e s s f u l  i n  p ro v id in g  c l e a r  e v id e n c e  o f  t h i s .
C a p la n  and  R o s e n b e rg  (1975) p r e s e n t e d  p i e c e s  o f  e v i d e n c e  t o  
s u p p o r t  th e  s u g g e s t io n  t h a t  t h e  d i f f e r e n t i a t i o n  o f  m esoderm al c e l l s  
o f  c h i c k  em bryo  l i m b  b u d s  i n v o l v e d  A D P R - t r a n s f e r a s e .  T h e i r  u s e  o f  
3 - a c e t y l p y r i d i n e  h a s  b e e n  c r i t i s i z e d  b e c a u s e  t h i s  com pound w as 
s u b s e q u e n t l y  fo u n d  t o  b e  c y t o t o x i c  t o  p e r i p h e r a l  n e r v e s  i n  t h i s  
s y s te m  (McLachlan e t  a l . ,  1976).
Changes in  ADPR-transferase a c t iv i t y  measured in  c e l l  ly s a te s  or 
is o la t e d  n u c le i have been c o r r e la te d  w ith  d if f e r e n t ia t io n  in  card iac  
m u sc le  (C laycom b, 1 9 7 6 ) ,  F r ie n d  e r y th r o le u k e m ic  c e l l s  (R a s t l  &
S w e tty , 1978 and M orioka e t  a l . ,  1979) and Xenopus l a e v i s  em bryos 
(Farzaneh & P e a r so n , 1979).  As m en tio n ed  e a r l i e r ,  m easurem ent o f  
A DPR-transferase a c t iv i t y  in  p erm eab ilized  c e l l s  i s  l ik e ly  to  r e f l e c t  
t h e  s i t u a t i o n  iri v iv o  more c l o s e l y  b e c a u s e  th e  DNA w i l l  be l e s s  
damaged by th e  exp erim en ta l system  than in  is o la t e d  n u c le i. Changes 
in  A D P R -tra n sfera se  a c t i v i t y  m easured  in  p e r m e a b il iz e d  c e l l s  h ave  
been c o r r e la te d  w ith  d i f f e r e n t ia t io n  in  ch ick  m uscle development in  
v it r o  (Farzaneh e t  a l . ,  1980,1982), in  3T3-LI p re-a d ip o cy tes  (Pekala  
e t  a l . ,  1981), in  HL-60 p rom yelocy tic  leukaem ic c e l l s  (Kanai e t  a l . ,  
1982), and in  th e  in d u ctio n  o f  f o e t a l  enzymes in  cu ltu red  h ep atocytes  
(A lth a u s  e t  a l . ,  1982).
A co m p lem en ta ry  ap p roach  has b een  th e  q u a n t i t a t io n  o f  th e  
rea ctio n  p rod u cts, p o ly  and mono(ADP-ribose) c o v a le n tly  attached  to  
p r o t e in s .  B r e d e h o r s t  e t  a l .  (1981) r e p o r te d  th a t  f o e t a l  l i v e r  
contained  co n s id era b ly  l e s s  mono(ADP-ribose) a ttach ed  to  p ro te in  than  
d id  a d u lt  l i v e r .  Even e a r l i e r  in  d ev e lo p m en t in  X .la e v is  em bryos, 
m ono(A D P-ribose) p r o t e in  c o n ju g a te s  w ere  p r e s e n t  in  q u a n t i t i e s  s o  
s m a ll  th a t  t h e y  w ere  n o t  d e t e c t a b le  (W il l ia m s  e t  a l . ,  1983a).  A 
s im i l a r  p o s i t i v e  c o r r e la t io n  was a l s o  found  w ith  th e  d eg ree  o f  
d i f f e r e n t i a t i o n  o f  h ep atom as ( H i lz ,  1 9 8 1 ) .  The q u a n t i t y  o f  a su b ­
f r a c t io n  o f  m ono(A D R -ribose) p r o t e in  c o n ju g a te s  in  w hich th e  
attachm ent t o  p r o te in  was not a f fe c te d  by hydroxy lam in e  was found to  
be r e la t e d  t o  th e  d i f f e r e n t i a t i o n  o f  D ic t y o s t e l iu m  d isco id u m  
(B red eh o rst  e t  a l . ,  1 9 8 0 ) .  The d i s t r i b u t i o n  o f  A D P R -tra n sfera se  in  
human b lo o d  c e l l s  was exam in ed  by I k a i  e t  a l .  ( 1 9 8 0 a ,b ). He show ed  
th a t lym phocyte and monocyte n u c le i were capab le o f  sy n th e s is in g  p o ly  
(ADP-ribose) but not n u c le i from gra n u lo cy tes  or ery th ro c y te s . These 
r e s u l t s  assu m ed  th a t  th e  s y n t h e s i s e d  p o ly (A D P -r ib o se )  se rv ed  a s  a 
marker fo r  d i f f e r e n t ia t io n  o f  g ra n u lo cy tes . Young and Sweeny (1978)
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showed a d e c re a se d  i n c o r p o r a t io n  o f  a d e n o s in e  in  mouse ova d u r in g  and 
a f t e r  f e r t i l i z a t i o n .  I n  1979 t h e s e  a u t h o r s  a l s o  show ed  t h a t  
po ly(A D P-ribose) i n  em bryos had  a d i f f e r e n t  cha in  l e n g th  and l in k a g e  
t h a n  t h a t  i n  u n f e r t i l i s e d  o v a .  The q u a n t i t y  o f  p o ly m e r  u n d e r g o e s  
v e r y  l a r g e  v a r i a t i o n  d u r i n g  t h e  d i f f e r e n t i a t i o n  o f  H L -60  
p r o m y e l o c y t i c  l e u k a e m i a  c e l l s  (K an a i  e t  a l . ,  1 9 8 2 ) ,  a n d  h a s  b e e n  
r e p o r t e d  t o  b e  low  i n  X . l a e v i s  e a r l y  e m b ry o s  ( W i l l i a m s  e t  a l . ,  
1 9 8 3 a ) .  W i l l i a m s  (1 9 8 3 b )  h a s  a l s o  sh o w n  t h a t  A D P R - t r a n s f e r a s e  
a c t i v i t y  i s  r e q u i r e d  f o r  t h e  d i f f e r e n t i a t i o n  o f  Trypanosoma c r u z i  
a m a s t ig o t e s  t o  e p i m a s t i g o t e s  and t r y p o m a s t ig o te s .
The m ost c o m p e ll in g  e v id e n c e  fo r  th e  in v o lv e m e n t o f  ADPR- 
t r a n s f e r a s e  in  e u k a r y o t ic  c e l l  d i f f e r e n t i a t i o n  h a s b een  o b ta in e d  
u sin g  ch em ica l in h ib ito r s  o f  th e  enzyme. The in te r p r e ta tio n  o f  such  
e x p e r im e n ts  c l e a r l y  d ep en d s on th e  s p e c i f i c i t y  o f  th e  i n h i b i t o r s .  
S e v e r a l  d i f f e r e n t  c l a s s e s  o f  A D P R -tr a n s fe r a s e  i n h i b i t o r s  -  
n ic o t in a m id e s  (C lark  e t  a l . ,  1 9 7 1 ) ,  m e th y lx a n th in e s  (L ev i e t  a l . ,
1978), and benzamide d e r iv a t iv e s  (P u rn ell & Whish, 1980), have been 
u sed  t o  s t r e n g th e n  th e  v ie w  th a t  t h e  e f f e c t s  o b serv ed  in  v iv o  w ere  
due t o  in h ib it io n  o f  ADPR -transferase. Benzamide d e r iv a t iv e s  d isp la y  
th e  g r e a t e s t  p h y s i o l o g i c a l  s p e c i f i c i t y  (P u r n e ll  & W hish, 1980) and 
have b een  u sed  m ost w id e ly .  Two im p o r ta n t c o n t r o ls  fo r  in h ib i t o r  
s p e c i f i c i t y  in  th e se  exp erim en ts a re  com parisons o f  th e ir  e f f e c t s  on 
d if f e r e n t ia t io n  w ith  th a t  on a s im p le  c y c le  o f  p r o l i f e r a t io n ,  and th e  
u se  o f  n o n - in h ib i t o r y  c h e m ic a l  a n a lo g u e s .  Farzaneh e t  a l .  (1 9 8 0 , 
1982) f i r s t  u sed  su ch  i n h i b i t o r s  o f  A D P R -tra n sfera se  in  s t u d i e s  o f  
c h ic k  m y o b la st d i f f e r e n t i a t i o n  iri v i t r o . The m ito g e n -in d u c e d  
d i f f e r e n t i a t i o n  o f  human p e r ip h e r a l - b lo o d  T -ly m p h o c y te s  i s  a l s o  
b lo c k e d  by i n h i b i t o r s  o f  A D P R -tra n sfera se  (J o h n sto n e  & W il l ia m s ,
19 8 2 ) .  I n v e s t i g a t io n  o f  t h e  m o r p h o lo g ic a l  d i f f e r e n t i a t i o n  o f  th e
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p r o t o z o a n  p a r a s i t e  T ry p an o so m a  c r u z i  h a s  i n d i c a t e d  t h a t  b e n z a m id e  
d e r i v a t i v e s ,  n i c o t i n a m i d e s  a n d  m e t h y l x a n t h i n e s  a l l  b lo c k e d  t h e  
e x t r a c e l l u l a r  and i n t r a c e l l u l a r  d i f f e r e n t i a t i o n  o f  Trypanosoma c r u z i  
(W il l ia m s ,  1983b). F u r th e r  r e c e n t  s t u d i e s  have shown t h a t  t h e  r a t e  
o f  a n t i g e n i c  s w i tc h in g  i n  3-am inobezam ide t r e a t e d  r a t s  i s  reduced 15- 
f o l d  over c o n t r o l s  (C o rn e l i s s e n  e t  a l . ,  1985) A n t ig e n ic  s w i tc h in g  i s  
a  p r o c e s s  w h ic h  i n v o l v e s  DNA s t r a n d - b r e a k s .  A D P R - t r a n s f e r a s e  i s  
r e q u i r e d  f o r  t h e  r e p a i r  o f  t h e  DNA b reak s  induced  by t h i s  p ro c e s s  and 
r e d u c t io n  o f  a n t i g e n i c  s w i tc h in g  r a t e  by 1 5 - f o ld ,  i n d i c a t e s  t h a t  t h i s  
a s p e c t  o f  A D P R - t r a n s f e r a s e  a c t i v i t y  i s  a l s o  b l o c k e d  b y  3 -  
- aminobenzamide.
T hese r e s u l t s  s t r o n g ly  in d ic a t e  th e  in v o lv e m e n t o f  ADP- 
r ib o s y la t io n  in  d i f f e r e n t ia t io n .
1 .6  Poly(A D P-ribose) D eg rad a t io n
There are tw o c la s s e s  o f  enzymes which c a ta ly s e  th e  degradation  
o f  poly(A D P -ribose): th e y  a r e  p o ly (A D P -r ib o se ) g ly c o h y d r o la s e s  and 
p o ly  (A D P-ribose) p h osp h od iesterases .
Poly(ADP-ribose) g ly co h y d ro la se , degrades th e  polymer to  r e le a se  
monomeric ADP-ribose. I t  has been found in  a l l  th e  t i s s u e s  stu d ied  
(P u r n e l l  e t  a l . ,  1 9 8 0 ) ,  and i s  th e  o n ly  enzym e w hich  h as been  
r e p o r t e d  t o  s p e c i f i c a l l y  a c t  on p o ly (A D P -r  i b o s e ) .  T h is  
g lycoh yd ro lase  c le a v e s  th e  g ly c o s id ic  r ib o se -r ib o se  bonds lea v in g  th e  
term in a l ADP-ribose a tta ch ed  to  p r o te in  (Ueda e t  a l . ,  1972 and Miwa 
e t  a l . ,  1974) (F ig . 1 .4 ) .  P o ly (A D P -r ib o se ) g ly c o h y d r o la s e  d o es  n o t  
a c t on mono(ADP-ribose) which co n ta in s  no g ly c o s id ic  bonds. In ra t  
l i v e r  n u c le i th e  l a s t  ADP-ribose m olecule i s  removed by an enzyme
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c a l le d  ADP-ribose h is to n e  h yd ro lase  (Okayama e t  a l . ,  1978) (F ig  1.4). 
T his enzyme a c t iv i t y  i s  h e a v ily  in h ib ite d  by denatured DNA, but t o  a 
much l e s s e r  e x t e n t  by d o u b le -s tr a n d e d  DNA (S to n e  e t  a l . ,  1978).  
T a v a s s o l i  e t  a l .  (1983) p u r i f i e d  a  p o ly (A D P -r ib o se )  g ly c o h y d r o la s e  
from  p ig  thym us. R e c e n t ly  Tanuma e t  a l .  ( 1 9 8 6 a ,b ,c )  r e p o r te d  th e  
p u r i f i c a t i o n  o f  one form  o f  p o ly (A D P -r ib o se ) g ly c o h y d r o la s e  from  
g u in e a  p ig  l i v e r  n u c le i  and human e r y th r o c y te s  and, in t e r e s t in g ly ,  
two ap p aren tly  d is t in c t  p o ly (A D P -r ib o se) g ly c o h y d r o la s e  a c t i v i t i e s  
from HeLa c e l l s .
In  c o n t r a s t  t o  p o ly ( A D P - r ib o s e )  g l y c o h y d r o l a s e s ,  (A D P - r ib o s e )  
p h o s p h o d i e s t e r a s e s  h a v e  o n ly  b e e n  fo u n d  i n  r a t  l i v e r  ( F u t a i  e t  a l . ,  
1 9 6 7 ) ,  c u l t u r e d  c e l l s  o f  N i c o t i n a  to b a c u m  (Miwa e t  a l . ,  1975) an d  
sn a k e -v e n o m  (Chambon e t  a l . ,  1 9 6 6 ;“N i s h i z u k a  e t  a l . ,  1967; F u j i m u r a  
e t  a l . ,  1967).  S n ak e-v en o m  p h o s p h o d i e s t e r a s e  w as t h e  f i r s t  en zym e 
known t o  h y d r o l y s e  t h e  p y r o p h o s p h a t e  bond b e tw e e n  t h e  tw o  r i b o s e  
m o i e t i e s  o f  ADP-ribose (Fig. 1.4). In  t h i s  r e a c t i o n  one m o lecu le  o f  
5'-AMP i s  p roduced  from  t h e  5 ' end o f  th e  polym er and n m o le c u le s  o f  
p h o spho ribosy  1-AMP (PR-AMP) from  th e  i n t e r n a l  r e s id u e s .  One r i b o s e -  
p h o s p h a t e  m o l e c u l e  i s  l e f t  c o v a l e n t l y  a t t a c h e d  t o  t h e  p r o t e i n .  
H a y a i s h i  e t  a l .  (1985) r e v i e w  t h e  r e m o v a l  o f  t h e  i n i t i a l  ADPR 
r e s i d u e .
Poly(ADP-ribose) can  be unam biguosly  i d e n t i f i e d  by i t s  d i g e s t i o n  
p r o d u c t s ,  5'-AMP an d  PR-AMP. T h e s e  c a n  be  s e p a r a t e d  by  p a p e r  
chrom otography (N ish izuka  e t  a l . ,  1969) o r  t h i n  l a y e r  ch rom atography  
(S tone e t  a l . ,  1973). No d e g ra d a t io n  o f  poly(A D P-ribose) t a k e s  p la c e  
b y  d e o x y r i b o n u c l e a s e  (D N a s e ) ,  r i b o n u c l e a s e  ( R N a s e ) ,  s p l e e n  
p h o s p h o d ie s te ra s e  o r  m ic ro c o c c a l  n u c le a s e  (Hasegawa e t  a l . ,  1967).
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Fig. 1.4D egra d a t io n  of  p o ly (A D P -r ib o sy l )  prote in
F ig .  1 .4  Enzymes In v o lv e d  in  t h e  D egrada t ion  o f  Poly  (ADP-ribose)
1 . A D P-ribosyl h y d r o la s e  (e g .  h i s to n e  h y d ro la se )




S evera l groups o f  compounds c o m p e tit iv e ly  in h ib it  th e  a c t iv i t y  
o f  n u c le a r  A D P R -tra n sfera se . T hese in c lu d e  n ic o t in a m id e s ,  NAD 
a n a lo g u e s , th y m id in e  and som e o f  i t s  a n a lo g u e s , m e th y lx a n th in e s  
p a r t i c u l a r l y  t h e o p h y l l in e  (L e v i e t  a l . ,  1978) and b en za m id es . 
N ic o t in a m id e  was one o f  t h e  f i r s t  i n h ib i t o r s  o f  n u c le a r  ADPR- 
tr a n s fe r a se  d isco v ered . N icotinam ide in h ib it s  not on ly  th e  nuclear  
ADPR-transferase a c t iv i t y  but a ls o  th e  cy top lasm ic  NAD g lycoh yd ro lase  
a c t iv i t y  and s e v e r a l o th er enzymes not r e la te d  to  th e  NAD m etabolism  
t h e s e  in c lu d e  CAMP p h o s p h o d ie s t e r a s e  (Shimoyama e t  a l . ,  1972) and 
tRNA m ethylase (Buch e t  a l . ,  1972). More im p ortan tly , n ico tin a m id e  
i s  a p r e c u r so r  fo r  NAD. A d m in s tr a t io n  o f  n ic o t in a m id e  t o  in t a c t  
c e l l s  may th ere fo re  both c o m p e t it iv e ly  in h ib it  th e  ADPR-transferase 
a c t iv i t y  and a ls o  s t im u la te  i t s  a c t iv i t y  by in crea sin g  th e  su b str a te  
co n cen tra tion . T herefore n ico tin a m id e  i s  not a s u ita b le  compound for  
th e  s tu d y  o f  A D P R -tr a n sfe r a se  i n h ib i t i o n  in  v i t r o . However s in c e  
n ic o t in a m id e  i s  a p r e c u r s o r  fo r  NAD, n ic o t in a m id e  s t a r v a t io n  o f  
in ta c t  c e l l s  can be used a s  a means to  reduce th e  c e l lu la r  NAD le v e l  
and th u s  i n h i b i t  A D P R -tr a n sfe r a se  a c t i v i t y  by s u b s t r a t e  d e p le t io n  
(Jacob son  e t  a l . ,  1 979 ; J a c o b so n  & N arasim han, 1979 and D urkacz e t  
a l . ,  1980).
N i c o t i n a m i d e  a n a l o g u e s  a r e  a l s o  i n h i b i t o r s  o f  n u c l e a r  ADPR- 
t r a n s f e r a s e  a c t i v i t y .  S tu d ie s  w i t h  t h e s e  com pounds h a v e  s u g g e s t e d  
t h a t  t h e  e s s e n t i a l  s t r u c t u r e  f o r  A D P R - t r a n s f e r a s e  i n h i b i t i o n  i s  a 
p l a n a r ,  u n c h a r g e d  r i n g  w i t h  a  c a r b o x y l i c  g ro u p  ( P u r n e l l  & W hish ,
1980).  5 - m e t h y l - n i c o t i n a m i d e  i s  a  n i c o t i n a m i d e  ana logue  commonly 
used  in  A D PR -transfe rase  s t u d i e s .  T h is  compound i s  n o t  in c o rp o ra te d  
i n t o  NAD, a n d  i s  n o t  known t o  h a v e  any  p h y s i o l o g i c a l  e f f e c t  a p a r t  
f r o m  A D P R - t r a n s f e r a s e  i n h i b i t i o n  ( C la rk  e t  a l . ,  1971 an d  K id w e l l  &
B u r d e t t ,  1974).
The s u b s t r a t e  f o r  A D P R -transferase  i s  0 -NAD. However, a t  h igh  
c o n c e n t r a t i o n s  0 -NAD i n h i b i t s  t h e  enzyme, s u g g e s t in g  n e g a t iv e  c o -  
o p e r a t i v i t y  ( P o i r i e r  e t  a l . ,  1978). The enzyme i s  a l s o  i n h i b i t e d  by 
s u b s t r a t e  an a lo g u es  such a s  Q -NAD and NADH2 ( P r e i s s  e t  a l . ,  1971). 
2 '-deoxy  NAD and 3 '-deoxy NAD can be used  a s  s u b s t r a t e  i n  f o e t a l  r a t  
l i v e r  n u c l e i  a n d  H e la  c e l l s  n u c l e i  g i v i n g  r i s e  t o  t h e  s y n t h e s i s  o f  
p o l y ( A D P - r i b o s e )  m o l e c u l e s  w h ic h  a r e  b o t h  s t r u c t u r a l l y  a n d  
f u n c t i o n a l l y  a l t e r e d  (Suhadolnik  e t  a l . ,  1977, 1980).
T hym id ine and a number o f  i t s  a n a lo g u e s ,  in c lu d in g  th y m in e ,  
b r o m o d e o x y u r id in e , b r o m o - u r id in e  ( p r e i s s  e t  a l . ,  1 9 7 1 ) ,  and  
r ib o t h y m id in e  ( S h a l l ,  1 9 7 5 )  i n h i b i t  n u c le a r  A D P R -tra n sfera se  
a c t iv i t y ,  though th e  degree o f  in h ib it io n  v a r ie s  w id e ly  between th e  
in h ib ito r s .
(
The m e th y lx a n th in e s ,  c a f f e i n e ,  theob rom ine  and th e o p h y l l in e  a l s o  
i n h i b i t  n u c le a r  A D P R -transferase  a c t i v i t y  (Claycomb, 1976; D avies e t  
a l . ,  1978 a n d  L ev i  e t  a l . ,  1978).  I n  t h i s  i n h i b i t i o n  t h e o p h y l l i n e  
and theob rom ine  a r e  an  o rd e r  o f  m agnitude b e t t e r  th a n  c a f f e i n e  (S h a l l  
e t  a l . ,  1977) .  T h e o b ro m in e  an d  t h y m i d i n e  h a v e  b e e n  r e p o r t e d  t o  
i n h i b i t  NAD-glycohydrolase o f  r a b b i t  r e t i c u l o c y t e s  (Wu e t  a l . ,  1978) 
b u t  n o t  o f  mouse lymphoma L I210 c e l l s  (Skidmore e t  a l . ,  1979).
The b e s t  i n h i b i t o r s  o f  n u c le a r  A D P R -transferase  a c t i v i t y  s o  f a r  
d i s c o v e r e d  a r e  b e n z a m i d e s  e s p e c i a l l y  3 - a m i n o b e n z a m i d e ,  3 -  
methoxybenzamide (P u r n e l l  & W h ish ,  1980) an d  3 - a c e t a m i d o b e n z a m id e  
( P u r n e l l  & Whish, 1980). A l l  t h r e e  o f  th e s e  compounds a r e  p o w erfu l  
i n h i b i t o r s  o f  A D P R - t r a n s f e r a s e  a c t i v i t y .  F u r t h e r m o r e  t h e y  do  n o t  
s i g n i f i c a n t l y  i n h i b i t  N A D - g ly c o h y d r o l a s e  o r  p o ly (A D P - r ib o s e )
g l y c o h y d r o l a s e  a c t i v i t y  ( P u r n e l l  & W h ish ,  1980). T h e s e  i n h i b i t o r s  
a l s o  do n o t  i n h i b i t  c e l l  g r o w th  o r  t h e  s y n t h e s i s  o f  RNA, DNA o r  
p r o t e i n s  ( P u r n e l l  & W h ish ,  1980; D u rk a c z  e t  a l . ,  1980 an d  W i l l i a m s  
1983a,b). F u r th e rm o re  t h e i r  a c i d  a n a lo g u es ,  3 -am inobenzo ic  a c i d  and 
3 - m e th o x y b e n z o ic  a c i d  do n o t  i n h i b i t  A D P R - t r a n s f e r a s e  a c t i v i t y  a t  
c o n c e n t r a t i o n s  s e v e r a l  t i m e s  h i g h e r  t h a n  t h e  c o r r e s p o n d i n g  a m id e  
(P u rn e l l  & Whish, 1980 and D urkarz  e t  a l . ,  1980).
The e f f e c t i v e n e s s  o f  t h e  i n h i b i t o r s  v a r i e s .  These a r e  l i s t e d  in  
t a b l e  (1.2) a lo n g  w i th  t h e i r  Ki ( i n h i b i t i o n - c o n s t a n t )  v a lu e s ,  and t h e  
c e l l s  o r  t i s s u e s  u s e d  i n  t h e  e x p e r i m e n t s  u s e d  t o  d e r i v e  t h e  Ki 
v a l u e s .  S ee  F i g s .  (1 .5  & 1.6) f o r  t h e  s t r u c t u r e  o f  A D P R - t r a n s f e r a s e  
i n h i b i t o r s .
I t  i s  im p o r ta n t t o  n o te  t h a t  d e s p i t e  w ide sp rea d  u se  o f  t h e s e  
in h ib ito r s  in  ADPR-transferase s t u d i e s  C leaver  and c o -w o r k e r s  have  
dem onstrated th e  in te r fe r e n c e  o f  th e  benzamide analogue in h ib ito r s ,  
and som e o f  t h e i r  n o n - in h ib i t o r y  a n a lo g u e s , w ith  a number o f  o th e r  
bioch em ica l p r o c e sse s , p a r t ic u la r ly  n u c le o tid e  b io sy n th e s is  (C leaver  
e t  a l . ,  1983 , M ilam & C le a v e r , 1984) .  F u rth erm ore, C lea v er  and  
Morgan (1987) in  a rec en t rep o rt have proposed th a t p h y s io lo g ic a l ly  
a ccep ta b le  co n cen tra tio n s  o f  th e  in h ib ito r s  a c tu a lly  a c c e le r a te  DNA 
e x c i s io n  rep a ir .
However, none o f  th e  n o n -s p e c if ic  e f f e c t s  d escrib ed  by C leaver  
e t  a l . ,  a r e  common t o  a l l  th e  a v a i l a b l e  in h ib i t o r s .  At th e  sam e  
t im e ,  none o f  th e  n o n - s p e c i f i c  e f f e c t s  a re  r e s t r i c t e d  o n ly  t o  th e  
in h ib i t o r y  a n a lo g u e s ;  th e y  a r e  o f t e n  a l s o  o b serv ed  in  r e sp o n se  t o  
treatm ent w ith  th e  n o n -in h ib ito r y  analogues. Therefore i f  a number 
o f  in h ib ito r s ,  to g e th er  w ith  t h e ir  n o n -in h ib ito ry  analogues, are used  
a t  n o n -to x ic  c o n cen tra tio n s , and a l l  th e  in h ib ito r s  but none o f  th e
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n o n -in h ib ito r s  show th e  same b io lo g ic a l  e f f e c t ,  t h i s  i s  l i k e ly  t o  be 
th e  r e s u lt  o f  ADPR-transferase in h ib it io n  rather than th e  product o f  
d is p a r a t e  e f f e c t  o f  ea ch  o f  th e  in h i b i t o r s  on o th e r  b io s y n t h e t i c  
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Fig.  1 . 5  I n h i b i t o r s  o f  A D P R - t r a n s f e r a s e
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Fig.  1 . 6  I n h i b i t o r s  o f  A D P R - t r a n s f  e r a s e  
and t h e i r  a c i d  a n a l o g u e s
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CHAPTER TVJO
In trodu ction  t o  Trypanosomes










S p e c ie s
S ubspec ies
A nim alia
P ro to zo a
Sarcomast igophor a 
Zoomast igophora  
K in e to p la s t i d a  
Trypamsomat id a e
Trypanosoma
/  \
S t e r c o r a r i a  S a l i v a r i a
\  »
Schizo trganum  Trypanozoon
»  i
T .c r u z i T .b ru c e i
»
T .b ru c e i .g a m b ie n se  
T . b r u c e i . rh o d e s ie n s e
T .b r u c e i . b r u c e i
(V arious  a u t h o r s ) .
2 .1  G enera l Background
T rypanosom es a r e  s im p le  u n i c e l l u l a r  e u k a r y o te s  and among th e  
most s u c c e s s fu l p a r a s ite s  o f  man and h is  dom estic  an im als. Mankind 
i s  s u b j e c t  t o  i n f e c t i o n  w i t h  t h r e e  d i f f e r e n t  t r y p a n o s o m e s ,  
Trypanosoma b r u c e i, Trypanosoma cru z i and Trypanosoma r a n g e li.  A ll  
th r e e  are in s e c t  v ec to r  borne but the behaviour o f  th e se  p a r a s it e s  in  
th e ir  h o s ts ,  human and in s e c t ,  i s  s t r ik in g ly  d is s im ila r .
Trypanosoma b ru cei m u lt ip l ie s  in  th e  b lood and o th er  f lu id s  o f  a 
v a r ie ty  o f  mammals, game and c a t t l e  as w e ll a s  man and i s  one o f  th e  
numerous s p e c ie s  tr a n sm itte d  by t s e t s e  f l i e s  in  A fr ica . T se tse  f l i e s  
are d is tr ib u te d  throughout E ast, C entral and West A fr ica  over an area  
em b ra cin g  38 c o u n t r ie s  and c o v e r in g  a p p r o x im a te ly  10 m i l l i o n  Km2 . 
Only c e r ta in  s to c k s  o f  th e  p a r a s ite  are ab le  to  in f e c t  man; th e se  are  
a t  a l l  tim es m o rp h o log ica lly  in d is t in g u ish a b le  from th e ir  nonhuman- 
i n f e c t i v e  c o u n te r p a r t s  w h ic h  a r e  a s s i g n e d  t o  t h e  s u b s p e c i e s  
Trypanosom a b r u c e i b r u c e i  (T .b .b r u c e i). T .b .b ru ce i i s  nonhuman- 
i n f e c t i v e  b e c a u se  in  human seru m  th e r e  i s  a f a c t o r  r e s p o n s ib le  fo r  
s e le c t iv e  l y s i s  o f  t h is  p a r a s ite .  This fa c to r  has been id e n t i f i e d  a s  
h ig h -d e n s ity  lip o p r o te in  (R ifk in , 1978). Hie a b i l i t y  o f  human serum  
t o  in d u c e  l y s i s  o f  T . b .b r u c e i , b u t  n o t  T .b .r h o d e s i e n s e  and  
T.b.gambiense form s th e  b a s is  o f  th e in  v it r o  and in  v iv o  i n f e c t i v i t y  
t e s t s  (Rickmann and Robson, 1970 and Hawking, 1973). M an -in fectin g  
T .brucei cau ses s le e p in g  s ic k n e s s .  Stocks which cause th e  acu te  East 
A frican  form o f  th e  d is e a s e  are d esign ated  T.brucei rh od esien se  and 
t h o s e  th a t  in d u ce  t h e  c h r o n ic  W est A fr ic a n  v e r s io n ,  T .b r u c e i  
g a m b ie n se . B road ly  s p e a k in g  th e  e c o lo g y  o f  th e  t s e t s e  v e c t o r s  o f  
t h e s e  tw o s u b s p e c ie s  i s  d i f f e r e n t  (Jord an , 1985).  For a l l  th r e e  
s u b s p e c ie s ,  (T .b .b r u c e i,  T .b .rh o d es ien se  and T.b.gam biense), however, 
tr a n sm issio n  i s  c y c l ic a l ;  th e  p a r a s ite s  in g ested  by th e  b lood -suck in g
i n s e c t  ( t s e t s e  f l y )  undergo b o u ts  o f  m u l t i p l i c a t i o n /  change i n  form ; 
w i th  m ig ra t io n  from  g u t  t o  s a l i v a r y  g la n d s  where th e y  become mammal- 
i n f e c t i n g  met a c y c l i c  t  ry p a n o s o m e s  t o  be in n o c u la te d  w i th  th e  f l y ' s  
s a l i v a  d u r in g  f e e d in g .
The c a u s a t i v e  a g e n t  o f  C h a g a s '  d i s e a s e  T ry p a n o so m a  c r u z i ,  
m u l t i p l i e s  i n s i d e  h o s t  c e l l s  which may be  m ononuclear p h ag o cy te s  and 
m u s c le .  T h i s  g i v e s  r i s e  t o  m o t i l e  t r y p a n o s o m e s  w h ic h  e m e rg e  f ro m  
t h e i r  i n t r a c e l l u l a r  h a b i t a t  t o  f in d  t h e i r  way t o  o t h e r  c e l l s .  They 
may be  p ic k e d  up by t h e  v e c t o r ,  a b lo o d -su c k in g  i n s e c t  o f  t h e  f a m i ly  
R e d u v i id a e .  p a r a s i t e  m u l t i p l i c a t i o n  a n d  d e v e l o p m e n t  t o  t h e  
m e ta c y c l ic  s t a g e  t a k e  p la c e  w ho lly  w i th i n  t h e  gu t o f  t h e  v e c to r ,  t h e  
m e ta c y c l ic  s t a g e  b e in g  vo ided  w i th  t h e  f a e c e s  when t h e  i n s e c t  t a k e s  a  
b lood  meal and g a in in g  e n t r y  by c o n ta m in a t io n  o f  t h e  wound. In  t h e i r  
mode o f  t r a n s m i s s i o n ,  T .b r u c e i  and  T . c r u z i  r e p r e s e n t  t h e  tw o  m a jo r  
s u b d iv i s io n  o f  mammalian trypanosom es,  t h e  s a l i v a r i a  and S t e r c o r a r i a  
(H o a re ,  1972 ); t h e  f o r m e r  i s  c h a r a c t e r i z e d  by  t r a n s m i s s i o n  v i a  t h e  
a n t e r i o r  s t a t i o n  ( i . e .  i n n o c u l a t i o n )  a n d  t h e  l a t e r  by  p o s t e r i o r  
s t a t i o n  (c o n ta m in a t iv e )  t r a n s m is s io n .
The t h i r d  s p e c i e s ,  T . r a n g e l i  d o e s  n o t  r e p r o d u c e  i n  i t s  human 
h o s t  an d  i s  t h e r e f o r e  n o n - p a t h o g e n i c .  I t  i s  o f  m e d i c a l  im p o r t a n c e  
o n ly  i n  t h a t  i t  c o n fo u n d s  d i a g n o s i s  o f  C h a g a s '  d i s e a s e  by b e i n g  
p r e s e n t  i n  t h e  same v e c to r  s p e c ie s  and hav ing  th e  same d i s t r i b u t i o n .
2 .2  The L i f e  c y c le  o f  T .b ru c e i
T .b ruce i  i s  t r a n s m i t t e d  by th e  t s e t s e  f l y  G lo s s in a , w i th in  which 
i t  u n d e r g o e s  i m p o r t a n t  d e v e l o p m e n t a l  c h a n g e s  ( R o b e r t s o n  1912; 
V ic k e rm a n  19 6 5 ) .  E l e c t r o n  m i c r o s c o p e  s t u d i e s  o f  t h e  s u c c e s s i v e  
s t a g e s  i n  t h e  l i f e  c y c l e  o f  T . b r u c e i  r e v e a l  t h a t  u n d e r l y i n g  t h e
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o b v io u s  m o r p h o l o g i c a l  a l t e r a t i o n s  m ore co m p lex  c h a n g e s  i n  t h e  
p a r a s i t e ' s  a r c h i t e c t u r e  a r e  t a k i n g  p l a c e  ( V i c k e r m a n ,  1 9 8 5 )  
(F ig .  2 .1 ) .  The m o s t  s t r i k i n g  c h a n g e s  o c c u r  i n  t h e  m i t o c h o n d r i a l  
s y s tem  and in  t h e  s u r f a c e  membrane o f  t h e  f l a g e l lu m  (Vickerman 1971). 
Both can  be r e l a t e d  t o  t h e  s u r v i v a l  mechanisms o f  th e  p a r a s i t e ,  t h e  
f o r m e r  t o  a d a p t i v e  c h a n g e s  i n  i t s  e n e r g y  m e t a b o l i s m ,  t h e  l a t t e r  t o  
i t s  in v a s io n  o f  t h e  mammalian h o s t ' s  n o n - s p e c i f i c  d e fe n c e  mechanisms. 
O th e r  c h a n g e s  o c c u r  i n  t h e  e n d o c y t o t i c  a p p a r a t u s ,  w h ic h  t a k e  up 
p r o t e i n  a n d  f l u i d  ( S t e i g e r ,  1 9 7 3 ) ,  a n d  t h e  g ly c o s o m e s .  The l a t t e r  
a r e  o r g a n e l l e s  s e e m i n g l y  p e c u l i a r  t o  t h e  k i n e t o p l a s t - b e a r i n g  
f l a g e l l a t e s  b e in g  t h e  s i t e  o f  g l y c o l y s i s  i n  t h e s e  o r g a n i s m s  
(O pperdoes , 1977).
The t s e t s e  f l y  i n g e s t s  p a r a s i t e s  when ta k in g  a  b lood  m eal from  
an  i n f e c t e d  a n i m a l .  I n  t h e  i n s e c t  m id g u t  t h e  t r y p a n o s o m e s  t h e n  
d i f f e r e n t i a t e  i n t o  p r o c y c l i c  fo rm s .  The p r o c y c l i c s  l o s e  t h e  v a r i a b l e  
s u r f a c e  g ly c o p ro t e in  (VSG) t h a t  form  t h e  s u r f a c e  c o a t  in  t h e  a n im a l  
b l o o d s t r e a m  fo rm s  ( B a r r y ,  1 9 7 9 ) .  They a r e  n o n i n f e c t i o u s  t o  t h e  
a n im a l  h o s t ,  and undergo d r a s t i c  changes  in  m e tabo lism . A f te r  abou t 
t h r e e  w e e k s ,  t h e s e  p a r a s i t e s  m i g r a t e  t o  t h e  i n s e c t  s a l i v a r y  g l a n d  
w h e re  t h e y  d e v e lo p  u l t i m a t e l y  i n t o  m e t a c y c l i c  f o r m s .  T h e se  
m e t a c y c l i c s  m o r p h o l o g i c a l l y  r e s e m b l e  t h e  a n im a l  b lo o d s tre a m  form . 
They a r e  i n f e c t i o u s  t o  a n im a ls  and th e y  e x p re s s  t h e  v a r i a n t  s u r f a c e  
g l y c o p r o t e i n  (V ic k e rm a n ,  1969 ; LeRay 1978).  When t h e  f l y  b i t e s  
a n o th e r  a n im a l  t h e  p a r a s i t e s  p r e s e n t  in  i t s  s a l i v a  a r e  i n j e c t e d  i n t o  
th e  b lo o d  where th e y  q u i c k ly  d ev e lo p  i n t o  long s l e n d e r  b lo o d s t re a m  
f o r m s .  T h e s e  c e l l s  d i v i d e  r a p i d l y  by  b i n a r y  f i s s i o n ,  a l t e r  t h e i r  
m e t a b o l i c  p a t h w a y s ,  a n d  c o n t i n u e  t o  e x p r e s s  v a r i a n t  s u r f a c e  
g l y c o p r o t e i n s .  They b e g i n  t o  u n d e r g o  a n t i g e n i c  v a r i a t i o n .  As t h e  
i n f e c t i o n  p ro c e e d s ,  t h e  long  s l e n d e r  T .b ru ce i ,  d i f f e r e n t i a t e s  f u r t h e r
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Fig.  2 . 1  T h e  l i fe c y c l e  of T . b r u c e i
1
i n t o  s h o r t - s tu m p y  b lo o d s tr e a m  fo rm s  (R obertson ,  1912; V ickerm an, 1965 
and W i je r s  1957). These  fo rm s  a r e  n o n d iv id in g  (R obertson , 1912), and 
i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  t h e y  a r e  p r e a d a p t e d  t o  l i f e  i n  t h e  
i n s e c t .  A f t e r  t h e  t s e t s e  t a k e s  i t s  b lo o d  m e a l  f ro m  t h e  i n f e c t e d  
a n i m a l ,  t h e  s h o r t - s t u m p y  t r y p a n o s o m e s  c o m p l e t e  t h e  l i f e  c y c l e  by  
d i f f e r e n t i a t i n g  i n t o  p r o c y c l i c s  i n  t h e  i n s e c t  m idgut (W ije r s ,  1960).
D i f f e r e n t i a t i o n  o f  p l e o m o r p h i c  a s  w e l l  a s  m o n o m o r p h ic  
p o p u la t io n s  o f  r o d e n t - a d a p te d  s t r a i n s  w h ic h  h a v e  a  u n i f o r m  s l e n d e r  
m o rp h o lo g y  ( B o h r in g e r  & H e c k e r ,  1974) c a n  b e  s t u d i e d  i n  v a r i o u s  i n  
v i t r o  s y s t e m s  ( T o b i e ,  B r a n d  & M e h lm a n ,  1 9 5 0 ;  P i t m a n ,  1 9 7 0 ;  
Cunningham, 1977; Brun & Schcnenberger 1979; B arry  & V ickerm an, 1979; 
G h i o t t o  e t  aL , 1979 a n d  B ie n e n  e t  a l . ,  1 9 8 1 ) .
Some o f  th e  com plex m o rp h o lo g ic a l ,  u l t r a s t r u c t u r a l  and m e ta b o l ic  
c h a n g e s  w h ic h  c h a r a c t e r i z e  d i f f e r e n t i a t i o n  h a v e  b e e n  s t u d i e d  i n  
d e t a i l .  F i r s t ,  t h e  r e p r e s s i o n  o f  t h e  s y n t h e s i s  o f  t h e  v a r i a n t  
s u r f a c e  g l y c o p r o t e i n  (VSG) i n  t h e  c o a t e d  b l o o d s t r e a m  f o r m s  i s  an  
e a r l y  e v e n t  w h ic h  i s  f o l l o w e d  by c o a t  r e l e a s e  t o  fo rm  c o a t l e s s  
p r o c y c l i c  c e l l s  ( B a r r y  & V ic k e rm a n ,  1979; G h i o t t o  e t  a l . ,  1979 an d  
O v e r a th  e t  a l . ,  1 9 8 3 ) .  S e c o n d ,  d i f f e r e n t i a t i o n  i n v o l v e s  p r o f o u n d  
c h a n g e s  i n  e n e r g y  m e t a b o l i s m  (Bowmann & F ly n n  1976; H i l l ,  1976; 
O p p e r d o e s ,  1985 ) .  I n  mam m al, b l o o d s t r e a m  f o r m s  o f  T . b r u c e i  a r e  
e n t i r e l y  d e p e n d e n t  o n  g l u c o s e  f o r  e n e r g y  s u p p ly .  The hum an b l o o d ­
s t r e a m  c o n t a i n s  g l u c o s e  a t  a p p r o x i m a t e l y  1 m g /m l (5 mM) an d  t h i s  
c o n s ta n t  so u rc e  o f  s u b s t r a t e  e l i m i n a t e s  t h e  need f o r  energy  r e s e r v e s  
(Opperdoes e t  a l . ,  1976). In  long  s l e n d e r  b lo o d s tre a m  form s g lu c o se  
i s  degraded  s o l e l y  by g l y c o l y s i s  t o  form tw o  mol p y ru v a te /m o l  g lu c o se  
u n d e r  a e r o b i c  c o n d i t i o n s  (B rohn  & C l a r k s o n ,  1 978 ) .  The NADH i n  
g l y c o l y s i s  i s  r e o x i d i s e d  by  m eans  o f  m i t o c h o n d r i a l  g l y c e r o l - 3 -  
p h o sp h a te  o x id a se  and m o le c u la r  oxygen. The p ro -m i to c h o n d r io n  la c k s
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a f u n c t i o n a l  c i t r i c  a c i d  c y c l e  a s  w e l l  a s  a  c y t o c h r o m e - l i n k e d  
r e s p i r a t o r y  c h a in .  Stumpy form s c o n ta in  some m i to c h o n d r ia l  enzymes, 
such  a s  2 - o x o g lu t a r a t e  dehydrogenase  and p r o l i n e  o x id a se  (Vickerman, 
1965) .  D u r in g  d i f f e r e n t i a t i o n  t o  p r o c y c l i c  c e l l s  a  f u n c t i o n a l  
r e s p i r a t o r y  c h a in  c o n ta in in g  cy toch rom es i s  form ed (Bienen, Hammadi & 
H i l l ,  1981 ; Bowmann & F ly n n ,  1976 ; H i l l ,  1976; V ic k e rm a n ,  1965; 
Ryley , 1962; S r iv a s ta v a  & Bowman, 1971, 1972; Evans & Brown, 1972 and 
Brown e t  a l . ,  1 9 7 3 ) .  S y n c h ro n o u s  d i f f e r e n t i a t i o n  r e q u i r e s  tw o  
e x t e r n a l  s i g n a l s ,  a  t e m p e r a t u r e  c h a n g e  f ro m  37°C t o  27°C and  t h e  
a d d i t i o n  o f  TCA c y c le  i n t e r m e d i a t e s  c i s - a c o n i t a t e  a n d /o r  c i t r a t e  a s  
i n d u c e r s  (B run  & S c h o n e n b e r g e r , 1981) .  E s t a b l i s h e d  p r o c y c l i c
c u l t u r e s  o x i d i z e  g l u c o s e  m a i n l y  t o  C02 (R y le y ,  1962) w h i l e  p r o l i n e  
can a l s o  be  m e ta b o l iz e d  a t  a  h ig h  r a t e  t o  g lu ta m a te ,  a l a n i n e ,  CO2  ai^  
s e v e r a l  o t h e r  p r o d u c t s  (F o rd  & Bowman, 1973).  T h e s e  m e t a b o l i c  
changes  a r e  c o n s id e re d  t o  r e f l e c t  t h e  t r a n s i t i o n  from g lu c o s e ,  a s  th e  
main en e rg y  s o u rc e  o f  b lo o d s tre am  fo rm s  in  t h e  mammal, t o  am ino a c id  
o r  p e p t i d e  b a s e d  d i e t  f o r  t h e  p r o c y c l i c s  i n  t h e  m id g u t  o f  t h e  f l y .  
The o b s e r v a t io n  o f  Brun and Schonenberger (1981) t h a t  c i t r a t e  a n d /o r  
c i s - a c o n i t a t e  s t i m u l a t e d  d i f f e r e n t i a t i o n  le d  t o  t h e  s u g g e s t io n  t h a t  
t h e s e  m e t a b o l i t e s  s e rv e  a s  a c t i v a t o r s  o r  i n d u c e r s  o f  m i t o c h o n d r i a l  
enzymes.
2 .3  K in e t o p la s t  DNA
The f i r s t  i n d i c a t i o n  o f  t h e  e x i s t e n c e  o f  k i n e t o p l a s t  DNA cam e 
about 75 y e a r s  ago  w i th  t h e  d is c o v e ry  o f  a  s t r u c t u r e  n e a r  t h e  b ase  o f  
t h e  t r y p a n o s o m e 's  f l a g e l l u m  t h a t  s t a i n e d  b r i g h t l y  w i th  b a s i c  dyes. 
T h is  s t r u c t u r e ,  a t  one t im e  presum ed t o  b e  invo lv ed  i n  c e l l  m o t i l i t y ,  
was named t h e  k i n e t o p l a s t .
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The k i n e t o p l a s t  o f  trypanosom es i s  a  mass o f  m i to c h o n d r ia l  DNA 
(K-DNA), p e c u l i a r  i n  t h a t  i t  i s  com posed  o f  a  s i n g l e  n e t w o r k  o f  
i n t e r l o c k e d  c i r c u l a r  DNA m o l e c u l e s  o f  tw o  s i z e  c l a s s e s  (E n g lu n d ,  
1981). The m a x ic i r c l e s  (c o n to u r  le n g th  22 ^pm in  T .b ru c e i , 33 pm in  
T .c r u z i ) a r e  p r e s e n t  a s  25-50 c o p ie s  p e r  n e tw o rk ,  and t h e  m i n i c i r c l e s  
( c o n t o u r  l e n g t h  1 .0  ^um i n  T . b r u c e i , 1.4 pm i n  T . c r u z i ) a s  5 0 0 0 -  
1 0 ,0 0 0  c o p i e s .  M a x i c i r c l e  DNA c o n t a i n s  g e n e t i c  i n f o r m a t i o n  
ana logous  t o  t h a t  o f  o th e r  m i to c h o n d r ia l  DNAs a s  i t  h y b r i d i s e s  w i th  
m i t o c h o n d r i a l  g e n e  s e q u e n c e s  f ro m  o t h e r  o r g a n i s m s ,  s p e c i f i c a l l y ,  
c y to c h r o m e  o x i d a s e  s u b u n i t s  I  and  I I ,  c y to c h ro m e  b ,  a n d  t h e  
O ligom ycin  s e n s i t i v e  ATPase. M a x ic i r c le s  a l s o  h y b r id i s e  trypanosom e 
m i to c h o n d r ia l  r ib o s o m a l  RNA. The m i n i c i r c l e s  a r e  h e t e r o g e n e o u s  i n  
s e q u e n c e ,  e v o l v e  e x c e e d i n g l y  r a p i d l y  i n  a g i v e n  s t o c k ,  an d  do  n o t  
a p p e a r  t o  b e  t r a n s c r i b e d .  D e s p i t e  a  g r e a t  d e a l  o f  a t t e n t i o n  i n  
r e c e n t  y e a r s ,  t h e i r  f u n c t i o n  o t h e r  t h a n  h o l d i n g  t h e  m a x i c i r c l e s  
t o g e t h e r  i n  a n e t w o r k ,  i s  unknown ( S t u a r t ,  1983). D u r in g  c e l l  
d i v i s i o n  th e  K-DNA ne tw ork  r e p l i c a t e s  a f t e r  t h e  f l a g e l l a r  b a s a l  body 
an d  b e f o r e  n u c l e a r  d i v i s i o n  (H a jd u k ,  e t  a l . ,  1984). I t  i s  p r e s u m e d  
t h a t  t h e  rea so n  f o r  a s s o c i a t i o n  o f  th e  a m p l i f i e d  m i to c h o n d r ia l  genome 
w i t h  t h e  m o r p h o g e n e t i c  c e n t r e  o f  t h e  f l a g e l l a r  b a s e  i s  t o  e n s u r e  
s e g r e g a t i o n  o f  t h e  m a x i c i r c l e s  a t  d i v i s i o n ,  t h e  m a x i c i r c l e  g e n e  
p r o d u c t s  b e i n g  n e c e s s a r y  f o r  a c t i v a t i o n  o f  t h e  m i t o c h o n d r i o n .  
M u ta n t s  o f  T . b r u c e i  w h ic h  c a n  n o t  d i f f e r e n t i a t e  t o  t h e  p r o c y c l i c  
s t a g e  ( i . e .  u n d e r g o  d e v e lo p m e n t  i n  t h e  v e c t o r )  may show  m a x i c i r c l e  
d e l e t i o n s  o r  c o m p le te  ab sen ce  o f  m a x ic i r c le s .  Some o f  t h e  s o - c a l l e d  
d y s k i n e t o p l a s t i c  t r y p a n o s o m e  l i n e s ,  a r i s e  by  f a i l u r e  o f  n e tw o r k  
s e g r e g a t io n  and la c k  a s t a i n a b l e  k i n e to p la s t ;  n e i t h e r  m a x ic i r c l e s  nor 
m i n i c i r c l e s  c a n  b e  i s o l a t e d  f ro m  th e m . No t ry p a n o s o m e  l i n e s  t h a t  
h a v e  m a x i c i r c l e s  b u t  n o  m i n i c i r c l e  n e tw o rk  a r e  known (E n g lu n d ,  e t  
a l . ,  1982) .
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2 .4  A n t ig e n ic  V a r ia t io n  in  A f r ic a n  Trypanosomes:
A n t ig e n ic  v a r i a t i o n  i s  a  p o w e r f u l  s u r v i v a l  s t r a t e g y  a d o p te d  by 
c e r t a i n  s p e c i e s  o f  p a r a s i t i c  p ro to z o a  t o  a l lo w  them t o  s u rv iv e  i n  t h e  
immunized h o s t .  I t  i s  e x e m p l i f ie d  by t h e  A f r ic a n  trypanosom es, which 
p ro v id e  t h e  b e s t  c h a r a c t e r i z e d  and most s t u d i e d  sy s tem  o f  t h i s  k ind .
D uring i n f e c t i o n  o f  a  mammalian h o s t ,  A f r ic a n  trypanosom es a r e  
c o v e r e d  b y  a  s u r f a c e  p r o t e i n  c o a t .  I n  e l e c t r o n  m i c r o g r a p h s  t h i s  
s u r f a c e  c o a t  a p p e a r s  a s  a 12-15nm  t h i c k  l a y e r  (V ic k e rm a n ,  1969; 
V ickerm an and Luckins, 1969). I t  was shown, by ch em ica l  a n a l y s i s ,  t o  
b e  c o m p o s e d  o f  o n e  s p e c i e s  o f  p r o t e i n ,  t h e  v a r i a n t  s u r f a c e  
g l y c o p r o t e i n  (VSG) ( C r o s s ,  1975). A n t i g e n i c  v a r i a t i o n  i s  ex p re s se d  
t h r o u g h  t h e  VSG. E a r l y  s t u d i e s  r e v e a l e d  t h a t  VSGs i s o l a t e d  f ro m  
d i f f e r e n t  V a r i a n t  A n t ig e n  T ypes  (VATs) d i f f e r  d r a m a t i c a l l y  i n  
i s o - e l e c t r i c  p o i n t ,  c a rb o h y d ra te  c o n te n t ,  am ino a c id  c o m p o s i t io n  and 
amino a c id  sequence o f  th e  N - te rm in a l  r e g io n  (C ross ,  1975; Johnson & 
C ro s s  1977 , 1 979 ) .  A f r i c a n  t r y p a n o s o m e s ,  l i k e  T . b r u c e i , s u r v i v e  i n  
t h e  b lo o d s t re a m  o f  t h e i r  mammalian h o s t  by p e r i o d i c a l l y  changing t h e  
a n t i g e n i c  i d e n t i t y  o f  t h e i r  c e l l  s u r f a c e  c o a t  (V ik e rm a n ,  1969 & 
19 7 8 ) .  The c o a t  c o m p l e t e l y  c o v e r s  t h e  b l o o d s t r e a m  fo rm  o f  t h e  
o r g a n i s m ,  b u t  i s  a b s e n t  f ro m  t h e  p a r a s i t e  d u r i n g  i t s  s t a y  i n  t h e  
m id g u t  o f  t h e  i n s e c t  (V ic k e rm a n ,  19 6 9 ) .  I n  t h e  b l o o d s t r e a m ,  t h e  
s u r f a c e  c o a t  i s  t h e r e f o r e  th e  c n ly  p a r t  o f  t h e  l i v e  p a r a s i t e  t h a t  i s  
r e c o g n i z e d  b y  t h e  h o s t .  H ow ever ,  t h e  h o s t ' s  immune d e f e n c e  f a l l s  
s h o r t  i n  c o m p l e t e l y  e l i m i n a t i n g  t h e  p a r a s i t e s ,  b e c a u s e  a few  
trypanosom es r e p la c e  t h e i r  c o a t  by a  d i f f e r e n t  VSG, a  p ro c e s s  known 
a s  a n t i g e n i c  v a r i a t i o n  (E n g lu n d ,  e t  a l . ,  1982 a n d  T u r n e r ,  1984).  
T h is  p r o c e s s  o f  a n t ig e n ic  v a r i a t i o n  h a s  been  s tu d ie d  i n  most d e t a i l  
i n  Trypanosoma b r u c e i .
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E s t i m a t e s  b a s e d  on g e n e  c l o n i n g  an d  DNA h y b r i d i z a t i o n  s u g g e s t
t h a t  e ac h  trypanosom e c o n t a in s  1000-2000 v a r i a n t  s u r f a c e  g ly c o p r o t e in
g e n e s  (Van d e r  p lo e g  e t  a l . ,  19 8 2 ) .  The f r e q u e n c y  o f  t h e  s w i t c h i n g
from  one a n t ig e n  ty p e  t o  a n o th e r  h a s  been qu o ted  a s  be tw een  10"^ and
lO’ 5 c h a n g e s / c e l l  g e n e r a t io n  (Van M eirvenne e t  a l . ,  1975a and Doyle,
1 9 8 0 ) .  B ased  on  m a t h e m a t i c a l  c a l c u l a t i o n ,  G r e t e l ,  e t  a l .  (1 9 8 6 ) ,
—7r e p o r t e d  t h a t  most l i k e l y  s w i tc h i n g  f r e q u e n c ie s  range  from  1.4x10 ' 
t o  3 .5 x l 0 ~ 6 c h a n g e s / c e l l  g e n e r a t i o n .  T h i s  VSG s w i t h c i n g  i s  
i n d e p e n d e n t  o f  a n t i b o d y  p r e s s u r e  (D oy le  e t  a l . ,  1980) b u t  t h e  
m e c h a n is m s  r e g u l a t i n g  s e q u e n t i a l  VSG g e n e  e x p r e s s i o n  a r e  unknow n 
( B o r s t  & C r o s s ,  1982). O n ly  on e  VSG g e n e  i s  e x p r e s s e d  a t  a n y  t i m e ,  
a l t h o u g h  i n a c t i v a t e d  g e n e s  may b e  r e - e x p r e s s e d  ( M i c h e l s ,  e t  a l . ,  
1984). The im portance  o f  a n t i g e n i c  v a r i a t i o n  t o  t h e  try p an aso m e  i s  
u n d e rs c o re d  by  t h e  e s t i m a t e  t h a t  up t o  10% o f  t h e  trypanosom e genome 
may be devo ted  t o  v a r i a n t  a n t ig e n  genes  (Van d e r  P loeg  e t  a l . ,  1982). 
D i f f e r e n t  a n t ig e n i c  ty p e s  o f  trypanosom es fo l lo w  each  o th e r  d u r in g  a  
c h ro n ic  i n f e c t i o n  o f  a mammal in  a  non-random o rd e r  (Van M eirvenne , 
e t  a l . ,  1 9 7 5 a ,b ;  c a p b e r n ,  e t  a l . ,  1977 an d  M i l l e r  & T u r n e r ,  1 9 8 1 ) .  
The c y c l e  u s u a l l y  c o n t in u e s  u n t i l  d e a th  o f  t h e  h o s t  i n  t h e  a b se n c e  o f  
a n y  c h e m o t h e r a p y .  C o r n e l i s s e n ,  e t  a l . ,  1 9 8 5 ,  d e v e l o p e d  a n  
e x p e r im e n ta l  sy s tem  t h a t  a l lo w e d  t h e  co n t in u o u s  m a in tenance  o f  a  h ig h  
b l o o d  l e v e l  o f  3 - a m in o b e n z a m id e ,  a  c o m p e t i t i v e  i n h i b i t o r  o f  t h e  
en zym e A D P R - tra n s f  e r a s e ,  i n  r a t s  i n f e c t e d  w i th  T .b ru c e i  e x p r e s s in g  
VSG g e n e  118. The a v e r a g e  s w i t c h i n g  r a t e  fo u n d  w as  2 x l 0 “ 6 i n  
c o n t r o l s  an d  1 .3x10” ^ i n  3 - a m i n o b e n z a m i d e - t r e a t e d  r a t s  ( 1 5 - f o l d  
r e d u c t i o n ) .
2 .5  In  v i t r o  C u ltu re  and D i f f e r e n t i a t i o n  o f  T .b ru c e i :
a ) P r o c y l i c  f o r m s : The p r o c y c l i c  fo rm s  fo u n d  i n  t h e  m i d g u t  o f
t s e t s e  f l y  v e c to r  a r e  n o n - i n f e c t i v e  f o r  mammalian h o s t s  and la c k  a  
s u r f a c e  p r o t e i n  c o a t .  Today p r o c y c l i c  fo rm s can  e a s i l y  be p roduced  
i n  l a r g e  q u a n t i t i e s  in  complex (T rag e r ,  1978), s e m i-d e f in e d  (Brun & 
S c h o n e n b e r g e r ,  1979; C unningham  a n d  H o n ig b e r g ,  1977 a n d  S t e i g e r  & 
S te i g e r  1976) o r  even in  a  d e f in e d  medium (C ross  & Manning 1973).
C u l t u r e s  o f  p r o c y c l i c  f o r m s  a r e  u s u a l l y  i n i t i a t e d  w i t h  
b l o o d s t r e a m  f o r m s  f ro m  a  m am m alian  h o s t .  The b l o o d s t r e a m  f o r m s ,  
m a in ly  t h e  i n t e r m e d i a t e  an d  s tu m p y  f o r m s  ( G h i o t t o ,  e t  a l . ,  1 9 7 9 ) ,  
n o rm a l ly  d i f f e r e n t i a t e  w i th i n  48 h o u rs  t o  fo rm s m o rp h o lo g ic a l ly  v e ry  
s i m i l a r  t o  p r o c y c l i c  f o r m s .  The b i o c h e m i c a l  d i f f e r e n t i a t i o n ,  
how ever, h a s  been s u g g e s te d  t o  p ro cee d  more s lo w ly  and i t  ta k e s  abou t 
fo u r  weeks b e fo re  an e s t a b l i s h e d  c u l t u r e  i s  p roduced  (Bienen e t  a l . ,
1981).
A s i g n i f i c a n t  i n c r e a s e  i n  t h e  r a t e  o f  d i f f e r e n t i a t i o n  c a n  be  
ach iev ed  by  t h e  a d d i t i o n  o f  t r i c a r b o x y l i c  a c id  c y c le  i n t e r m e d i a t e s  t o  
t h e  c u l t u r e  m edium  (B run & S c h o n e n b e r g e r ,  1 981 ) .  C i t r a t e  an d  c i s -  
a c o n i t a t e  i n  a  3 mM c o n c e n t r a t i o n  h a v e  p r o v e d  t o  b e  t h e  tw o  
i n t e r m e d i a t e s  w h ic h  a r e  b e s t  a b l e  t o  s t i m u l a t e  d i f f e r e n t i a t i o n .  
Another way t o  o b t a in  a p r o c y c l i c  c u l t u r e  i s  t h e  d i r e c t  t r a n s f e r  o f  
midgut fo rm s  from an  i n f e c t e d  G lo s s in a  i n t o  c u l t u r e  medium.
b) M e ta c y c l ic  fo rm s : The m e ta c y c l ic  fo rm s a r e  produced  in  th e  
s a l i v a r y  g la n d s  o f  t h e  v e c to r .  I t  i s  t h i s  s t a g e  in  th e  l i f e - c y c l e  o f  
t h e  p a r a s i t e  which i s  i n f e c t i v e  t o  t h e  mammalian h o s t .  The jm  v i t r o  
p r o d u c t i o n  o f  m e t a c y c l i c  f o r m s  i s  im p e d e d  b y  t h e  f a c t  t h a t  t h i s  
p a r a s i t e  s t a g e  d o e s  n o t  d i v i d e .  M o re o v e r ,  m e t a c y c l i c  fo rm s  
d i f f e r e n t i a t e  _in v i t r o  w i th i n  8-10 h o u rs  t o  s l e n d e r  b lo o d s tre a m  form s 
(B run , e t  a l . ,  19 8 4 ) .  M e t a c y c l i c  f o r m s  seem  t o  b e  i n h i b i t e d  f ro m  
d i f f e r e n t i a t i o n  i n  t h e  s a l i v a r y  g la n d s  by some unknown f a c t o r ,  most
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p ro b a b ly  a  c o n s t i t u e n t  o f  t h e  s a l i v a r y  s e c r e t i o n .
I t  h a s  been shown t h a t ,  when n o n - i n f e c t i v e  p r o c y c l i c  fo rm s  a r e  
c u l t i v a t e d  a t  28°C in  th e  p r e s e n c e  o f  h e a d - s a l iv a r y  g la n d  e x p l a n t s  o f  
G lo s s in a  m o r s i t a n s  m o r s i t a n s  i n f e c t i v e  m e ta c y c l ic  fo rm s a r e  p roduced  
(Cunningham & Honigberg, 1977 and Cunningham & T a y lo r ,  1979). Large 
n u m b e rs  o f  e x p l a n t s  p e r  c u l t u r e  a r e  r e q u i r e d  and  t h e  p e r c e n t a g e  o f  
m e ta c y c l ic  form s i s  n o rm a l ly  below  0.1%. I t  has  been d e m o n s t r a te d  by 
a n t i g e n i c  a n a l y s i s  and u l t r a s t r u c t u r a l  s t u d i e s ,  t h a t  t h e s e  fo rm s  a r e  
t r u e  m e ta c y c l ic s  (G ard iner ,  e t  a l . ,  1980a,b).
c)  B lo o d s t r e a m  f o r m s ; The f i r s t  c o n t i n u o u s  c u l t i v a t i o n  o f  
b l o o d s t r e a m  f o r m s  w as a c h i e v e d  by  H iru m i e t  a l .  ( 1 9 7 7 a ,b )  u s i n g  a 
b o v in e  f i b r o b l a s t  c u l t u r e  a s  f e e d e r  l a y e r  i n  a  t i s s u e - c u l t u r e  medium 
s u p p l e m e n t e d  w i t h  f e t a l  b o v in e  s e ru m .  The c o - c u l t i v a t i o n  o f  
trypanosom es and mammalian c e l l s  h a s  proved  t o  be e s s e n t i a l  f o r  t h e  
c u l t i v a t i o n  o f  t h e  b lo o d s tre a m  fo rm s. Many c e l l  l i n e s  i s o l a t e d  from 
v a r io u s  mammals e i t h e r  o f  t h e  f i b r o b l a s t  o r  th e  e p i t h e l i a l  c e l l  ty p e  
have now been s u c c e s s f u l l y  used  a s  f e e d e r  c e l l s  f o r  t h e  c u l t i v a t i o n  
o f  T . b r u c e i  a n d  T . r h o d e s i e n s e  (H iru m i  e t  a l . ,  1 9 7 7 a ,b ;  B ru n ,  e t  a l . ,  
1979 ; H i l l ,  e t  a l . ,  1978a ,b?  B ru n ,  e t  a l . ,  1981). The r o l e  o f  t h e  
f e e d e r  c e l l s  i s  s t i l l  u n c l e a r .  F i b r o b l a s t  c o n d i t i o n e d  m edium  d o e s  
n o t  s u p p o r t  g ro w th  o f  t h e  p a r a s i t e ,  b u t  a l l o w s  m a i n t e n a n c e  o f  
b lo o d s t re a m  form s f o r  up t o  72 h o u rs .  S e p a ra t io n  o f  f i b r o b l a s t s  and 
t r y p a n o s o m e s  by m em branes  a l s o  r e s u l t s  i n  a  l o s s  o f  g r o w t h  o f  t h e  
t r y p a n o s o m e s  ( T a n n e r ,  1980).  P r i m a r y  m u r in e  bone  m a rro w  c u l t u r e s  
a l s o  h a v e  b e e n  shown t o  s u p p o r t  t h e  c o n t i n u o u s  g r o w th  o f  T . b r u c e i  
b lo o d s t re a m  form s (B alber ,  1983). However B a l tz ,  e t  a l . ,  1985; have 
r e p o r t e d  a  c u l t u r e  system  _in v i t r o  w hich s u p p o r ts  th e  r a p i d  g ro w th  o f  
i n f e c t i v e  form s o f  T .b ru c e i , T .e v a n s i , T .rh o d es ien se  and  T .gam biense 
w i t h o u t  u s i n g  a  f e e d e r  l a y e r .  I n  t h i s  s y s t e m  t h e  p r e s e n c e  o f
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p y r u v a t e  and  a  r e d u c i n g  a g e n t  s u c h  a s  2 - m e r c a p t o e t h a n o l ,  was 
e s s e n t i a l .
B loodstream  fo rm s grown in  v i t r o  a r e  v e ry  s i m i l a r  t o  th e  forms 
found in  th e  mammalian h o s t  w i th  r e g a rd  t o  u l t r a s t r u c t u r e  (Hecker & 
B run ,  1982) a n d  i n f e c t i v i t y  f o r  t h e  m a m m alian  h o s t  (S c h o n i ,  e t  a l . ,
1982).  They a l s o  seem  i d e n t i c a l  i n  t h e i r  a b i l i t y  t o  s u c c e s s i v e l y  
e x p re s s  t h e i r  d i f f e r e n t  v a r i a n t  s u r f a c e  g ly c o p r o t e in s .  T h is  r e s u l t s  
i n  a n t i g e n i c  v a r i a t i o n  i n  v i t r o  (D o y le ,  H i ru m i  an d  H i r u m i ,  1978 & 
1980).
The r e l a t i v e l y  lo w  t ry p a n o s o m e  d e n s i t i e s  i n  a l l  e x i s t i n g  
b lo o d s tre am  form  c u l t u r e s  (about 10^/m l) im pedes t h e  mass p ro d u c t io n  
o f  t h i s  s ta g e  i n  t h e  l i f e  c y c l e  o f  T .b ruce i .
2 .6  A D PR -transferase  A c t i v i t y  in  P ro tozoan  P a r a s i t e s
To d a t e  t h e r e  h a s  been no  d i r e c t  s t u d i e s  on th e  mechanism o f  DNA 
r e p a i r  i n  A f r i c a n  t r y p a n o s o m e s .  H owever t h e  p r e s e n c e  o f  ADPR- 
t r a n s f e r a s e  a c t i v i t y  i n  p ro to z o a n  p a r a s i t e s  Plasmedium y o e l i i  (O kolie 
& O n y e z i l i ,  1983), T .c ru z i  (W il l ia m s ,  1983b), and  T .b ru c e i  (Farzaneh 
e t  a l . ,  1 9 8 5 ;  A l s h a r i f  e t  a l . ,  1 9 8 6 a , b )  h a s  b e e n  r e p o r t e d .  
I n h i b i t i o n  o f  A DPR-transf e r a s e  a c t i v i t y  b l o c k s  t h e  d i f f e r e n t i a t i o n ,  
b u t  n o t  t h e  p r o l i f e r a t i o n ,  o f  T . c r u z i  a m a s t ig o t e s  t o  e p im a s t ig o te s  
an d  t r y p o m a s t i g o t e s  ( W i l l i a m s ,  1983b).  The d e t e c t i o n  o f  ADPR- 
t r a n s f e r a s e  a c t i v i t y  i n  T . b r u c e i , i t s  a c t i v a t i o n  by  DNA dam age and  
i t s  i n h i b i t i o n  by t h e  i n h i b i t o r s  o f  t h i s  enzyme i n  h ig h e r  e u k a ry o t ic  
c e l l s  has  a l s o  been  r e p o r te d  (Farzaneh e t  a l . ,  1985; A l s h a r i f  e t  a l . ,  
1986a , b ) .  S t u d i e s  h a v e  a l s o  show n t h a t  A D P R - tra n s f  e r a s e  a c t i v i t y  
p l a y s  an  i m p o r t a n t  r o l e  i n  t h e  p r o c e s s  o f  a n t i g e n i c  s w i t c h i n g  o f  
T .b r u c e i  ( C o r n e l i s s e n  e t  a l . ,  1985) .  M ost s w i t c h e s  r e q u i r e  t h e
50
d u p l i c a t i v e  t r a n s p o s i t i o n  o f  a  v a r i a b l e  s u r f a c e  g ly c o p ro t e in  (VSG) 
g e n e ,  w h ic h  i n v o l v e s  s t r a n d - b r e a k s  i n  DNA a n d  s u b s e q u e n t  r e p a i r .  
C o r n e l i s s e n  e t  a l . ,  1985, showed t h a t  t h e  r a t e  o f  a n t i g e n i c  s w i tc h in g  
i n  3 - a m in o b e n z a m id e  t r e a t e d  r a t s  i s  r e d u c e d  1 5 - f o l d  o v e r  c o n t r o l .  
T h i s  r e s u l t  i n d i c a t e s  t h a t  an  a c t i v e  A D P R - t r a n s f  e r a s e  i s  r e q u i r e d  
e i t h e r  f o r  t h e  g en e  s w i t c h i n g  p r o c e s s  o r  f o r  t h e  r e p a i r  o f  t h e  DNA 
s t r a n d - b r e a k s  formed d u r in g  t h i s  p ro c e s s .
2 .7  E x i s t i n g  Chemotherapy
S e v e r a l  c o n t r o l  m e a s u r e m e n t s  h a v e  b e e n  t r i e d  f o r  
t r y p a n o s o m i a s i s ,  i n c l u d i n g  e r a d i c a t i o n  o f  t s e t s e  f l y  h a b i t a t s ,  
e r a d i c a t i o n  o f  t s e t s e  f l i e s ,  e r a d i c a t i o n  o f  t h e  r e s e r v o i r  h o s t s  o f  
t r y p a n o s o m e s  ( w i l d  a n i m a l s ) ,  c h e m o p r o p h y la x i s  an d  / o r  d i a g n o s i s  
fo l lo w e d  by chem otherapy.
C h e m o th e ra p y  o f  A f r i c a n  t r y p a n o s o m i a s i s  d e n t r e s  on t h r e e  key  
d rugs : p e n ta m id in e  fo r  ch em oprophy lax is ;  Suram in f o r  t r e a tm e n t  o f  th e  
e a r l y  s t a g e s  o f  t h e  d i s e a s e ;  a n d  m e l a r s o p r o l  f o r  t r e a t m e n t  o f  l a t e  
s t a g e s  when trypanosom es a r e  p r e s e n t  i n  th e  CNS (W il l iam so n ,  1962; 
H a w k i n g ,  1 9 6 3 ;  W i l l i a m s o n ,  1 9 7 0 ;  A p t e d ,  1 9 7 0 ;  W ad d y , 1 9 7 0 ;  
W ill iam so n , 1976; A pted, 1980 and Evans, 1981).
a) P e n t a m i d i n e : T h i s  a r o m a t i c  d i a m i d i n e  (F ig .  2 .2 a )  w as
i n t r o d u c e d  i n  t h e  l a t e  1 9 4 0 s .  Two s a l t s  o f  t h e  d ru g  a r e  i n  u s e :  
p e n ta m id in e  i s o t h i o n a t e  (M&B 800) and p en tam id in e  m e th an esu lp h o n a te  
( Io m id in e ) .  The dosages used  and e f f e c t s  o f  th e  two a r e  s i m i l a r .
The mechanism o f  a c t i o n  o f  a r o m a t i c  d ia m id in e s  i s  s t i l l  f a r  from 
r e s o l v e d .  They a p p e a r  t o  e x e r t  a  much m ore  m arked  e f f e c t  on 
b i o s y n t h e s i s ,  e s p e c i a l l y  o f  n u c l e i c  a c i d s ,  th a n  th e y  do on c a t a b o l i s m
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(G u t te r id g e ,  1969). They a r e  a l l  p o s i t i v e l y  charged  a t  p h y s io lo g i c a l  
pH an d  a s  s u c h  b i n d  r e a d i l y  t o  DNA, th o u g h  n o t  by  a n  i n t e r c a l a t i v e  
mechanism (Newton, 1974). Such a  b in d in g  would e x p la in  t h e i r  e f f e c t s  
on n u c l e i c  a c id s  g e n e r a l l y  b u t  n o t  why t h e  s y n th e s i s  o f  k i n e t o p l a s t  
DNA i s  p a r t i c u l a r l y  s e n s i t i v e  t o  t h e s e  d r u g s  (B ra c k ,  e t  a l . ,  1972). 
S e l e c t i v i t y  ap p e a rs  t o  be due t o  d i f f e r e n t i a l  p e r m e a b i l i t y  b e tw e e n  
h o s t  an d  p a r a s i t e :  t r y p a n o s o m e s  c o n t a i n  a  p e n t a m i d i n e  t r a n s p o r t  
sy s tem  which r a i s e s  t h e  i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  drug  t o  many 
t im e s  th e  p la sm a  c o n c e n t r a t i o n  (Damper & p a t t o n ,  1976).
b) S u r a m i n : T h i s  s u l p h a t e d  n a p h t h y la m i n e  (Synonym s: so d iu m
s u r a m i n ,  A n t r y p o l ,  B ayer  2 0 5 ,  B e l g a n y l ,  F o u rn e a u  309, G em anin , 
M oranyl, N aganol, N aphuride) (Fig. 2.2b) was b rought i n t o  g e n e ra l  use  
in  t h e  e a r l y  1920s and rem a in s  un ique  among a n t i - t r y p a n o s o m a l  d rugs  
i n  hav ing  a  n e t  n e g a t iv e  ch a rg e  a t  p h y s io lo g ic a l  pH.
The mode o f  a c t i o n  o f  su ram in  i s  s t i l l  u n c e r t a in ,  p a r t l y  because  
i t s  s low  a c t i o n  makes s tu d y  _in v i t r o  d i f f i c u l t ,  and p a r t l y  because  i t  
i s  known t o  i n h i b i t  a  m u l t i t u d e  o f  en zy m es  i n  c e l l  f r e e  s y s t e m s  a t  
m i l l i m o la r  c o n c e n t r a t i o n s  (F a ir la m b  & Bowman, 1977 & 1980).
These a r e  tw o  m ajor l i m i t a t i o n s  t o  su ram in . F i r s t ,  i t  does n o t  
p a s s  from t h e  b lo o d  i n t o  t h e  c e r e b r o s p i n a l  f l u i d  and t h e r e f o r e  h a s  no 
c u r a t i v e  e f f e c t  on  t h e  d i s e a s e  o n c e  t h e  CNS h a s  becom e in v o l v e d .  
Second i t  s u f f e r s  from  a  range  o f  s e r i o u s  s id e  e f f e c t s .
c) M e la r s o p ro l : T h is  a r s e n i c a l  (synonyms: Mel B, M elarsen  o x ide  
BAL, A rsobal)  (F ig .  2 .2c), was in t ro d u c e d  i n  th e  1940s.
M e la rs o p ro l ,  l i k e  a l l  a n t i - t r y p a n o s o m a l  a r s e n i c a l s ,  i s  b e l ie v e d  
t o  w ork p r i m a r i l y  by  d i s r u p t i o n  o f  e n e r g y  g e n e r a t i o n .  T r i v a l e n t  
a r s e n i c a l s  g e n e r a l l y  h av e  a  h ig h  a f f i n i t y  f o r  s u l p h y d r y l  g r o u p s ,
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which form t h e  a c t i v e  s i t e s  o f  many enzymes, e s p e c i a l l y  k in a se s .  The 
s tu d y  o f  t h e  a n t i - t r y p a n o s o m a l  a r s e n i c a l s  showed t h a t  th e  g l y c o l y t i c  
k i n a s e ,  h e x o k i n a s e ,  p h o s p h o k in a s e  and  p y r u v a t e  k i n a s e ,  w e re  a l l  
p a r t i c u l a r l y  s e n s i t i v e  t o  i n h i b i t i o n  (Flynn & Bowman, 1974). There  
i s  a l s o  a n o t h e r  r e p o r t  o f  a s u c c e s s f u l  c l i n i c a l  t r i a l  o f  t h e  
po lyam ine  b i o s y n th e s i s  i n h i b i t o r ,  a - d i f l u o r o m e t h y l o r n i t h i n e  i n  17 
p a t i e n t s  w i t h  A f r i c a n  t r y p a n o s o m i a s i s  ( S jo e r d s m a ,  G o ld e n  a n d  
S c h e c h te r ,  1 9 8 4 ) .
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2.8 AIMS OF THE PROJECT
The a im s  o f  t h i s  p r o j e c t  h av e  b e e n  t h e  i n v e s t i g a t i o n  o f  t h e  
p o s s i b l e  in v o lv em en t o f  A D P - r ib o s y la t io n  i n  DNA r e p a i r ,  g ro w th  an d  
d i f f e r e n t i a t i o n  o f  T . b . b r u c e i  i n .v i t r o . T h e s e  s t u d i e s  h a v e  
d e m o n s t r a t e d  t h e  p o t e n t i a t i o n  o f  t h e  t o x i c i t y  o f  b o t h  a 
m o n o f u n c t i o n a l  a l k y l a t i n g  a g e n t ,  d i m e t h y l  s u l p h a t e  (DMS), a n d  
io n i s i n g  r a d i a t i o n  ( Y - r a d i a t i o n )  i n  T .b .b ru c e i , th u s  s u g g e s t in g  t h e  
i n v o l v e m e n t  o f  t h i s  e n z y m e  i n  DNA r e p a i r  i n  t h i s  o r g a n i s m .  
I n h i b i t o r s  o f  A D P R - t r a n s f e r a s e  a c t i v i t y  a l s o  r e d u c e d  t h e  r a t e  o f  
d i f f e r e n t i a t i o n  o f  b lo o d s t r e a m  fo rm s  o f  T .b .b r u c e i  t o  p r o c y c l i c  
f o r m s ,  s u g g e s t i n g  t h e  in v o lv e m e n t  o f  A D P R - t r a n s f e r a s e  i n  t h e  
d i f f e r e n t i a t i o n  o f  T .b .b ru ce i . However t h e  i n h i b i t i o n  o f  t h i s  enzyme 
d id  n o t  e f f e c t  t h e  r a t e  o f  p r o l i f e r a t i o n .
CHAPTER 3
M a te r i a l s  and Methods
3.1 Materials
3 .1 .1  R a ts
Female W is ta r  r a t s  ( ~  250g w eight)  w ere  o b ta in e d  from th e  co lo n y  
m a in ta in e d  a t  t h e  a n im a l  house ,  Bath U n iv e r s i ty .
3 .1 .2  Trypanosmoa b r u c e i
T ry p an o so m a  b r u c e i  b r u c e i  (T . b r u c e i , s t r a i n  M ITat 1.1) w e re  
o r i g i n a l l y  o b t a i n e d  f r o m  D r. P a u l  V o o r h e i s ,  D e p a r t m e n t  o f  
B i o c h e m i s t r y ,  T r i n i t y  C o l l e g e ,  D u b l in  2 ,  I r e l a n d  ( V o o r h e i s ,  H.P, 
1977 , B iochem . J .  1 6 4 ,  1 5 -2 5 ) .
3 .1 .3  R eagents
A l l  s o lv e n t s  and c h e m ic a ls  used  i n  t h e  p r e p a r a t i o n  o f  s o l u t i o n s  
an d  b u f f e r s  w e re  o f  t h e  A n a la r  q u a l i t y  a n d  w e re  o b t a i n e d  f ro m  BDH 
c h e m i c a l  L t d ,  P o o l e ,  D o r s e t .  MTT, PMS, ADH, NAD and  c i s - a c o n i t a t e  
w e re  o b t a i n e d  f ro m  S ig m i a  C h e m ic a l  Co. (London) P o o le ,  D o r s e t .  
D im ethyl s u lp h a t e  (DMS) was o b ta in e d  from  t h e  A ld r ic h  Chem ical Co., 
G il l in g h am , D o rse t .  L - g l u t a m i n e  (200 mM), P e n i c i l i n / S t r e p t o m y c i n  
(5 ,0 0 0  I .U . /m l  an d  5 ,0 0 0  m g /m l) ,  T ry p a n  b l u e  (0.5% W/V i n  0.85% W/V 
S a l in )  a l s o  s u p p l i e d  by Flow L a b o ra to r ie s .  HEPES was o b ta in e d  from  
A ld r ic h  C hem icla  Co.
3 .1 .4  B u f fe r s
a )  K rebs-R inger  p h o sp h a te  b u f f e r
I s o t o n i c  K r e b s - R i n g e r  p h o s p h a te  b u f f e r  c o n t a i n e d  p o t a s s i u m  
d ihydrogen  o r th o p h o s p h a te  (22 mM), magnesium s u lp h a t e  (1 mM), sodium  
c h l o r i d e  (98 mM) and p o ta s s iu m  c h l o r i d e  (2 mM). The pH was a d j u s t e d  
t o  pH 8.0 by u s in g  Sodium hydrox ide  (NaOH).
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b) T r ie th an o lam in e  b u f f e r  (TEA)
TEA b u f f e r  c o n t a i n e d  n i c o t i n  a m id e  (100 mM), t r i e t h a n o l a m i n e  
(lOOmM) a n d  e t h a n o l  (0 .5  M). The pH w as a d j u s t e d  t o  pH 7 .4  w i t h  
conc. h y d ro c h lo r i c  a c i d  (HCL).
c) Phosphate  b u f f e r  s a l i n e  (PBS)
PBS (D u lb e c c o 's  f o r m u l a )  t a b l e t s  w e re  o b t a i n e d  f r o m  F low  
L a b o r a to r i e s ,  I r v i n ,  S c o t la n d .
3 . 1 .5  S ucrose  s o lu t i o n s
A l l  S u c r o s e  s o l u t i o n s  (15-30% W/V) c o n t a i n e d  S od ium  c h l o r i d e  
(2.0 M), EDTA (10.0 mM), Tris-HCL (10 mM) and e th id iu m  b rom ide  (EtBr) 
3 0 yug /m l.  pH o f  t h e  s o l u t i o n s  w as a d j u s t e d  t o  pH 8.0 by  u s i n g  1.0M 
NaOH.
3 .1 .6  Trypanosome l y s i s  s o l u t i o n
L y s i s  s o l u t i o n  c o n t a i n e d  s o d iu m  c h l o r i d e  (2.0 m), EDTA (lOmM), 
T r is -H C L  (lOOmM), T r i t o n  X -100  (0.5% V/V) an d  e t h i d i u m  b r o m i d e  30 
u g /m l .  The pH o f  t h i s  s o l u t i o n  w as  a d j u s t e d  t o  pH 8.0 by  u s i n g  1.0M 
NaOH.
3 . 1 .7  P e r m e a b i l i s a t io n  s o l u t i o n s
a) H ypotonic s o l u t i o n
H y p o to n ic  s o l u t i o n  c o n t a i n e d  HEPES (9 mM) pH 7 .8 , DTT (5 mM), 
D ex tran  (4.5% W/V), magnesium c h l o r i d e  (4.5 mM) and g lu c o s e  (1% W/V).
b) H yperton ic  s o lu t i o n )
H y p er to n ic  s o u l t i o n  c o n ta in e d  HEPES pH 7.8 (200 mM), P o ta s s iu m
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c h l o r i d e  (750 mM), DTT (5 mM), D e x tra n  (4.5% W/V), EGTA (7 .0  mM), 
Magnesium c h l o r i d e  (4.5 mM) and g lu c o se  (1% W/V).
3 . 1 .8  Feeder c e l l s
a) Baby Hamster Kidney c e l l s  (BHK 21)
Baby h a m s t e r  k i d n e y  c e l l s  (BHK 21) w e re  o b t a i n e d  f ro m  Flow  
L a b o r a to r i e s ,  I r v i n ,  S c o t l a n d .
b) Rat s p i n a l  c o rd  c e l l  c u l t u r e s
Rat s p i n a l  c o rd  c e l l  c u l t u r e s  were e s t a b l i s h e d  from 15 day o ld  
r a t  embryos a s  d e s c r ib e d  by Digby e t  a l .  (1985), t h e s e  c u l t u r e s  were 
s u p p l i e d  by Dr. A .Je h a n l i  a t  t h i s  Department ( s e e  methods 3.2.1.3).
c) R at m uscle  f i b r o b l a s t  c u l t u r e s
Rat m uscle  f i b r o b l a s t  c u l t u r e s  were e s t a b l i s h e d  from  1 day o ld  
n e w b o rn  r a t s  a n d  w e re  s u p p l i e d  by Dr. A . J e h a n l i  a t  t h i s  D e p a r tm e n t  
( s e e  m e th o d s  3 .2 .1 .4 ) .
d) F i s h e r  r a t  em bryonic f i b r o b l a s t s
F i s h e r  r a t  e m b r y o n i c  f i b r o b l a s t s  w e r e  d o n a t e d  f r o m  
D r. F .F a r z a n e h ,  M o le c u l a r  G e n e t i c e s  U n i t ,  K in g s  c o l l e g e  S c h o o l  o f  
M edicine  and D e n t i s t r y ,  Denmark H i l l ,  London.
3 .1 .9  C u l tu r e  media
a) RPMI 1640 medium
RPMI 1640 m edium  w as p u r c h a s e d  f ro m  F lo w  L a b o r a t o r i e s  a t  
lOx c o n c e n t r a t i o n  and  made up t o  norm al s t r e n g t h  w i th  HEPES s o lu t i o n  
pH 7.4 (20 mM). T h i s  medium w as s u p p le m e n te d  w i t h  10% (V/V) se ru m  
( e i t h e r  c a l f ,  h o r s e ,  f e t a l  c a l f ,  o r  r a b b i t ) ,  p e n i c i l i n  (200 I . U . / l ) ,
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S trep to m y c in  (200 ^ g / l ) ,  g lu ta m in e  (10 mM) and g lu c o se  1% (W/V).
b) D u l b e c o / s  M o d i f ic a t io n  o f  E a g le 's  Minimal E s s e n t i a l  Medium 
(DMEM)
DMEM was o b ta in e d  from  Gibco a t  1 x c o n c e n t ra t io n .  T h is  medium 
was supp lem en ted  w i th  10% (V/V) serum  ( e i t h e r  c a l f ,  h o r s e ,  f e t a l  c a l f  
o r  r a b b i t ) ,  p e n i c i l i n  ( 2 0 0  I . U . / l ) ,  S t r e p t o m y c i n  (200  / i g / 1 ) ,  
g lu ta m in e  (10 mM) and g lu c o s e  (1% W/V).
c)  Minimum E s s e n t i a l  Medium (MEM)
MEM w as o b t a i n e d  f ro m  F low  l a b o r a t o r i e s  a t  lOx c o n c e n t r a t i o n  
an d  made up  t o  n o r m a l  s t r e n g t h  w i t h  HEPES s o l u t i o n  pH 7.4 (25 mM). 
T h i s  medium w as s u p p l e m e n t e d  w i t h  10% (V/V) c a l f  s e ru m ,  p e n i c i l i n  
(200 I .U . / l ) ,  S tre p to m y c in  ( 2 0 0 ^ g / l )  and g lu ta m in e  (10 mM).
d) Medium SDM-79
SDM 79 medium was p r e p a re d  a c c o rd in g  t o  th e  method o f  Brun and 
Schonenberger (1 9 7 9 ) .
I n g r e d ie n t s P e r  1L
D u lb ecc o 's  m o d if ied  Eag le  medium powder 7 .0g
Medium 199 Powder 2 .0g
MEM amino a c id  s o ln . 8.0ml
MEM n o n - e s s e n t i a l  amino a c i d  s o l n . 6 .0m l
G lucose  (anhydrous) l .O g




I n g r e d i e n t s Per 1L
L -A lan ine 0 . 2g
L -A rg in in e 0. lg
L-M eth ion ine 0.07g
L -P h e n y la la n in e 0.08g
L - P r o l in e 0.6g
L -S e r in e 0.06g
T a u r in e 0.16g
L -T hreon ine 0 . 35g
L -T y ro s in e 0. lg
Adenosine lO.Omg
G uanosine lO.Omg
D(+) Glucosam ine HCl 50.0mg
F o l i c  a c i d 4.0mg
p-Aminobenzoic a c id 2.0mg
B io t in 0.2mg
P e n i c i l i n  G s o l n  5mg/ml 12.0ml
Gentamycin 20 .mg
The pH o f  t h i s  medium was a d ju s t e d  w i th  NaOH (4M) t o  pH 7 ^  and 
was f i l t e r  s t e r i l i s e d  ( M i l l ip o r e  0.2 pm). 2ml o f  f i l t e r  s t e r i l i z e d  
b o v in e  haem in  s o l u t i o n  (2.5 mg/ml i n  50mM NaOH) was th e n  added. T h is  
medium was supp lem en ted  w i th  10% (V/V) s t e r i l e  h e a t  i n a c t i v a t e d  f e t a l  
c a l f  serum.
3 .1 .1 0  S era
a )  Horse serum
H e a t  i n a c t i v a t e d  d o n o r  h o r s e  se ru m  w as o b t a i n e d  f ro m  Flow  
l a b o r a t o r i e s ,  I r v i n ,  S c o t la n d .
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b) C a l f  serum
Heat i n a c t i v a t e d  c a l f  serum  was o b ta in e d  from  Flow l a b o r a t o r i e s ,  
I r v i n ,  S c o t la n d .
c )  F e t a l  c a l f  serum
Heat i n a c t i v a t e d  f e t a l  c a l f  serum was o b ta in e d  from G ibco .
d) R a b b i t  serum
Heat i n a c t i v a t e d  com m erc ia l  r a b b i t  serum was o b ta in e d  from  Flow 
L a b o r a to r i e s ,  I r v i n ,  S co tlan d .  F resh  r a b b i t  serum  was p r e p a re d  u s in g  
t h e  m e th o d  o f  B a l t z ,  T .,  e t  a l . ,  (1 9 8 5 ) ,  ( s e e  m e th o d s  3 .2 .1 .2 ) .
3 .1 .1 1  A nion-Exchanger (DEAE-Cellulose)
Whatman p r e - s w o l l e n  m ic ro g ra n u la r  an io n -e x c h a n g e r ,  D ie th y l  amino 
e t h y l  c e l l u l o s e ,  (Type DE-52) was o b ta in e d  from  Whatman, M aidstone , 
K e n t ,  U.K.
3 .1 .1 2  I n h i b i t o r s
3-am inobenzam ide, 3 -ace tam idobenzam ide , 3 -a c e ta m id o b e n z o ic  a c id  
w ere s y n th e s iz e d  i n  t h i s  l a b o r a t o r y  by  Mrs B .Hunt. 3 - a m in o b e n z o ic  
a c i d  was p u rch ased  from A ld r ic h  Chem ical Company L td .,  G il l in g h a m , 
D o r s e t .
3 .1 .1 3  R a d io a c t iv e  Ligands and S c i n t i l l a t i o n  C ounting
[% ]  -NAD was p re p a re d  from  [^H]-ATP ( R a d i o c h e m i c a l  c e n t r e )  by 
Dr. W .J.D . W hish  a c c o r d i n g  t o  t h e  m e th o d  o f  O h ts u  a n d  N i s h i z u k a  
(1 9 7 1 ) .  [ 3H]-NAD w as  p r e p a r e d  i n  e t h a n o l  w i t h  a  f i n a l  s p e c i f i c
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a c t i v i t y  o f  20 mci/^imole and r a d i o a c t i v e  c o n c e n t r a t i o n  o f  1 m c i /m l .  
3 MM (24 mm) f i l t e r  p a p e r  d i s c s  an d  g l a s s  f i b r e  d i s c s  (GF/C) w e re  
s u p p l ie d  by Whatman L td ,  M aidstone , K ent,  U.K.
3 .2  Methods
3 .2 .1  C e l l  C u l tu r e  Methods
3 . 2 .1 . 1  P r e p a r a t io n  o f  T ry p s in
1% (W/V) t r y p s i n  was p re p a re d  by d i s s o l v i n g  100 mg o f  t r y p s i n  i n  
10 ml o f  c o ld  PBS. 0.1 ml a l i q u o t e s  o f  t h i s  s o l u t i o n  were d i s p e n s e d  
i n t o  s t e r i l e  s t o r a g e  t u b e s  a s  q u i c k l y  a s  p o s s i b l e ,  a s  t h e  t r y p s i n  
w i l l  b e g in  d i g e s t i n g  i t s e l f ,  and s to r e d  a t  -2o°C.
3 . 2 . 1 . 2  p r e p a r a t io n  o f  R ab b it  Serum
R a b b i t  s e ru m  w as  f r e s h l y  p r e p a r e d  f ro m  b lo o d  t a k e n  b y  h e a r t  
p u n c tu re  o f  a d u l t  a n im a l .  A f te r  c o a g u la t io n  a t  room te m p e ra tu r e  f o r  
3-4  h o u rs ,  t h e  b lo o d  was s to r e d  o v e rn ig h t  a t  4°C. The serum th e n  was 
c e n t r i f u g e d  f o r  15 m i n u t e s  a t  4000 g ,  c o m p le m e n t  i n a c t i v a t e d  by  
i n c u b a t i o n  a t  56°C f o r  30 m i n u t e s ,  f i l t e r  s t e r i l i s e d  ( M i l l i p o r e  
0 .2  jim) and s t o r e d  in  10 ml p o r t i o n s  a t  -20°C.
3 . 2 . 1 . 3  P r e p a r a t io n  o f  R at S p in a l  Cord C e l l  C u l tu re s
R at s p i n a l  c o rd  c e l l  c u l t u r e s  w ere e s t a b l i s h e d  a s  d e s c r ib e d  by 
D ig b y  e t  a l .  (1 9 8 5 ) .  S p i n a l  c o r d s  (1 3 -1 5 )  f ro m  14-16  d a y  o l d  r a t  
e m b ry o s  w e re  m in c e d  i n  0 .5  ml o f  P u c k 's  DIG b a l a n c e d  s a l t  s o l u t i o n  
(P u c k 's  BSS). P u c k 's  BSS c o n t a i n e d  P u c k 's  DI s a l t  s o l u t i o n  (50  m l ,  
20 f o l d  c o n c e n t r a t i o n ) ,  g lu c o s e  (6 g / l i t e r ) ,  s u c ro s e  (15 g / l i t e r ) ,  i n  
10 mM HEPES b u f f e r ,  pH 7.3. T h is  was t r a n s f e r e d  t o  a  12 ml t e s t  t u b e
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( S t e r l i n ,  M i d d l e s e x ,  E n g l a n d )  i n  t h e  s a m e  b u f f e r  (4  m l ) .  
D eoxyribonuclease  I I  (1 m g /m l)  i n  H - E a g l e 's  m edium  (200 ^ i l )  was 
a d d e d ,  f o l l o w e d  a f t e r  5 m i n u t e s  a t  20°C by  0.5% t r y p s i n  (200  p . 1 )  
( b o v in e  p a n c r e a s ,  t y p e  I I I )  i n  H - E a g le 's  m edium . The c e l l s  w e re  
i n c u b a t e d  a t  37°C f o r  45 m i n u t e s ,  w i t h  g e n t l e  m ix in g  a t  5 - m i n u t e  
i n t e r v a l s ,  a f t e r  w hich soya bean t r y p s i n  i n h i b i t o r  (200 }ig) i n  c o ld  
medium A (DMEM su p p lim en te d  w i th  20% (V/V) f e t a l  c a l f  se rum , g lu c o s e  
(6 g / l i t e r )  an d  2 mM g l u t a m i n )  w as a d d e d  an d  t h e  m i x t u r e  was 
c e n t r i f u g e d  f o r  5 m in u te s  a t  400 g. The s u p e r n a ta n t  was removed, and 
th e  t i s s u e  f ra g m e n ts  w ere  m e c h a n i c a l l y  d i s s o c i a t e d  by  t r i t u r a t i o n  
w i th  a  p l a s t i c  P a s te u r  p i p e t t e  ( S t e r i l i n )  u s in g  a l i q u o t e s  (3 ml) o f  
m edium  A. The c e l l  s u s p e n s i o n  (3 -5 x 1 0 ^  c e l l s / m l  w as  p l a t e d  o n to  
P e t r i  d i s h e s  a t  a d e n s i t y  o f  105 c e l l s / c m 2 i n  c u l t u r e  medium (2.5 ml 
o r  0 .75 m l f o r  3.5  cm 2 an d  1.6 cm2 P e t r i  d i s h e s ,  r e s p e c t i v e l y ) .  
C u l tu r e s  were m a in ta in e d  in  a  h u m id i f ie d  a tm o sp h e re  c o n t a in in g  10% 
CC>2 a t  37°C. C e l l s  w ere p l a t e d  i n  medium A and t h e r e a f t e r  t h e  medium 
w as c h a n g e d  e v e r y  3 d a y s .  The c e l l s  w e re  u s e d  a f t e r  3 w eek s  i n  
c u l t u r e .
3 . 2 . 1 . 4  P r e p a r a t io n  o f  Rat Muscle F ib r o b la s t  C u l tu r e s
R at m uscle  f i b r o b l a s t  c u l t u r e s  w ere e s t a b l i s h e d  from  1 day o ld  
newborn r a t s  a s  d e s c r ib e d  below:
Hind le g  m uscle  was d i s s e c t e d  and minced i n  Puck 's  BSS by u s in g  
i r id o c to m y  s c i s s o r s .  The t i s s u e  was f u r t h e r  d i s s o c i a t e d  by  e n zy m a tic  
d i g e s t i o n  f o r  1 h o u r  a t  37°C  w i t h  t r y p s i n  ( 1 . 2 5  m g / m l )  a n d  
c o l l a g e n a s e  (5 m g /m l) .  The s u s p e n s i o n  was c e n t r i f u g e d  a n d  s i n g l e  
c e l l s  r e l e a s e d  f ro m  t h e  t i s s u e  f r a g m e n t s  by  t r i t u r a t i o n  w i t h  a  
p l a s t i c  P a s te u r  p i p e t t e  ( S t e r i l i n )  in  medium. The c e l l s  w ere  seeded  
i n  medium i n  3.5 cm2 p e t r i  d i s h e s  (3 x l0 5 c e l l s / d i s h ,  i n  4 ml medium).
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The medium was changed ev e ry  3 days. The c u l t u r e s  w ere used  a f t e r  8 
days i n  v i t r o . By t h i s  t im e  th e y  c o n s i s t e d  m a in ly  o f  f i b r o b l a s t s  and 
some myotubes.
3 . 2 .1 . 5  M aintenance o f  T is s u e  C u l tu re  C e l l  L in e s
The o v e r l a y s  o f  c o n f l u e n t  f e e d e r  c e l l s  w e r e  d e c a n t e d  a n d  t h e  
m o n o l a y e r s  w e r e  w a s h e d  w i t h  PBS t o  r e m o v e  s e r u m  ( t r y p s i n  
i n h i b i t o r s ) .  PBS w as t h e n  d e c a n t e d  a n d  2 m l o f  0.05% t r y p s i n ,  
( d i l u t e d  f ro m  a  1.0% s t o c k  s o l u t i o n  i n  MEM) w a s  ad d e d  t o  e a c h  T -2 5  
f l a s k .  T h e s e  w e re  i n c u b a t e d  a t  37°C u n t i l  t h e  m o n o la y e r s  w e re  
d e t a c h e d  an d  t h e  c e l l s  w e re  ro u n d e d  up  ( n o r m a l l y  5 -6  m i n u t e s ) .  At 
t h i s  t i m e  2 ml o f  c u l t u r e  medium c o n ta in in g  10% serum was added t o  
e a c h  T -2 5  f l a s k  t o  i n a c t i v a t e  t h e  t r y p s i n .  A s m a l l  vo lum e  o f  c e l l  
su sp e n s io n  was mixed w i th  an  e q u a l  volume o f  a  s o l u t i o n  o f  0.2% (W/V) 
t r y p a n  b lu e  i n  p h y s io lo g i c a l  s a l i n e  (0.9% N ac l) .  C e l l  v i a b i l i t y  was 
e s t i m a t e d  by d e te rm in in g  th e  f r a c t i o n  o f  c e l l s  p e rm eab le  t o  t r y p a n  
b l u e .  I n  t r y p a n  b l u e ,  t h e  n u c l e i  o f  p e r m e a b l e  c e l l s  s t a i n e d  b l u e .  
C e l l s  w ere d i l u t e d  w i th  10 ml o f  t h e  c u l t u r e  medium, in  T-25 f l a s k ,  
t o  o b t a i n  a  c e l l  d e n s i t y  o f  a p p ro x im a te ly  1x10^ c e l l s / m l .  C u l tu r e s  
were in c u b a te d  i n  a  h u m id i f ie d  5% C C ^ /a ir  a tm o sp h e re  a t  37°C.
3 . 2 . 1 . 6  S to ra g e  o f  t h e  C e l l  L ines
The s u s p e n s i o n  o f  c e l l s  o b t a i n e d  b y  t r y p s i n i s a t i o n  o f  s u b ­
c o n f l u e n t  f e e d e r - c e l l s  w e re  c o o l e d  i n  a n  i c e  b u c k e t .  D im e th y l  
s u lp h o x id e  (DMSO) was added t o  a  f i n a l  c o n c e n t r a t i o n  o f  10% (V/V) t o  
t h i s  c e l l  s u s p e n s i o n  an d  m ixed  w e l l .  T hen  1 ml a l i q u o t e s  w e re  
d is p e n s e d  i n t o  Nunc n i t r o g e n  s to r a g e  tu b e s .  T hese  were loaded  i n t o  a  
b i o l o g i c a l  f r e e z e r  (un ion  C arbide  BF-6) and lo w e re d  i n t o  t h e  vapour 
p h a s e  o f  a  l i q u i d  n i t r o g e n  s t o r a g e  t a n k  f o r  2 h o u r s  (a  maximum o f
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e i g h t  tu b e s  co u ld  be lo a d e d  i n t o  t h e  b i o l o g i c a l  f r e e z e r  a t  one  t im e ) .  
The f ro z e n  c e l l s  were th e n  t r a n s f e r r e d  t o  a  l i q u i d  n i t r o g e n  s to r a g e
ta n k ,  where th e y  were k e p t  u n t i l  r e q u i r e d .
3 . 2 . 1 . 7  p r e p a ra t io n  o f  Trypanosomes
A s t r a i n  o f  T . b r u c e i , M lT a t 1 .1 ,  ( s t o r e d  i n  a  s t e r i l e  r a t  b lo o d  
s t a b i l a t e  i n  l i q u i d  n i t r o g e n  u n t i l  u s e )  w as u s e d  t o  i n f e c t  f e m a l e  
W i s t a r  r a t s  ( c r  2 5 0 g  w e i g h t )  b y  i n t r a p e r i t o n e a l  i n j e c t i o n .  
Trypanosomes were p r e p a re d  f o r  i n f e c t i o n  o f  r a t s  i n  i s o t o n i c  K rebs-  
R inger  phospha te  b u f f e r  ( s e e  m a t e r i a l s  3.1.4a) and i n j e c t e d  i n t o  r a t s  
a t  a  dosage  o f  10^ v i a b l e  try p an o so m es  p e r  a n im a l .  The v i a b i l i t y  o f  
t h e  trypanosom es was m o n i to re d  by u s in g  p h ase  c o n t r a s t  m ic ro sco p y ,  
a n d  a c t i v e  m o b i l e  t r y p a n o s o m e s  w e r e  c o u n t e d  b y  u s i n g  a 
haem ocytom eter.
3 . 2 .1 . 8  P u r i f i c a t i o n  o f  B loodstream  forms o f  T .b r u c e i
A t a b o u t  71 h o u r s  p o s t  i n f e c t i o n ,  a t  t h e  p e a k  o f  t h e
p a r a s i t e m i a ,  >10^ try p a n o so m e s /m l o f  b lo o d ,  t h e  in n o c u la te d  r a t s  were 
b l e d .  H e p a r in  (200 u n i t s / m l )  w as  u s e d  a s  a n t i c o a g u l a n t .  The 
p a r a s i t e s  were s e p a r a t e d  from  t h e  b lood  by d e n s i t y  c e n t r i f u g a t i o n  a t  
350 g f o r  10 m inu tes .  Trypanosomes removed from  t h e  i n t e r f a c e  l a y e r ,  
w e re  w ash ed  and  r e s u s p e n d e d  i n  K r e b s - R in g e r  p h o s p h a t e  b u f f e r  ( s e e  
m a t e r i a l s  3.1.4a) c o n t a i n i n g  g l u c o s e  (1% W/V) an d  s u c r o s e  (3% W/V). 
The washed trypanosom es w ere  p u r i f i e d  by u s in g  t h e  method d e s c r ib e d  
by  Lanham (1968) and  Lanham  & G o d f r e y  (1 9 7 0 ) .  T h i s  p u r i f i c a t i o n  
p r o c e d u r e  i s  b a s e d  on  a  d i f f e r e n c e  o f  s u r f a c e  c h a r g e  b e t w e e n  h o s t  
b lo o d  c e l l s  an d  t r y p a n o s o m e s .  B lo o d  c e l l s  c a r r y  a  m ore  n e g a t i v e  
c h a r g e  t h a n  do  t r y p a n o s o m e s .  T h e r e f o r e ,  i t  i s  p o s s i b l e ,  u n d e r  
c e r t a i n  c o n d i t i o n s  o f  pH (8 .0 )  an d  i o n i c  s t r e n g t h  t o  a d s o r b  t h e
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n e g a t i v e l y  c h a r g e d  a n i o n  e x c h a n g e r  (D E A E - c e l lu lo s e )  w h i l e  t h e  
trypanosom es p a s s  th ro u g h ,  r e t a i n i n g  v i a b i l i t y  and i n f e c t i v i t y .
3 . 2 . 1 . 9  In  v i t r o  C u l t i v i a t i o n  o f  B loodstream  form s o f  T .b ru c e i
The c u l t u r e  s y s t e m  c o n s i s t e d  o f  a  m a m m a l ia n  f e e d e r  l a y e r  i n  
t i s s u e  c u l t u r e  medium c o n ta in in g  10% serum  ( e i t h e r  c a l f ,  h o rs e ,  f e t a l  
c a l f  o r  r a b b i t ) .  2 -4  d a y s  o l d  n e a r - c o n f l u e n t  f e e d e r - c e l l  c u l t u r e s  
w e r e  u s e d .  S h o r t l y  b e f o r e  i n n o c u l a t i o n ,  t h e  o v e r l a y  f ro m  t h e s e  
c u l t u r e s  w as d i s c a r d e d  and  r e p l a c e d  w i t h  f r e s h  medium. The 
e x p e r i m e n t s  w e re  c a r r i e d  o u t  i n  T -2 5  f l a s k s .  Each c u l t u r e  w as 
i n o c u la t e d  w i th  1x10^ f r e s h l y  i s o l a t e d  t r y p a n o s o m e s / m l  o f  m edium . 
The c u l t u r e s  w ere th e n  in c u b a ted  i n  a  h u m id i f i e d  in c u b a to r  a t  37°C in  
5% CC>2  a n d  95% a i r .  E ve ry  24 h o u r  t h e  t r y p a n o s o m e  d e n s i t y  w as 
e s t i m a t e d .
3 .2 .1 . 1 0  P r e p a r a t io n  o f  C is  a e o n i t a t e
A s to c k  s o l u t i o n  o f  30 mM c i s - a c o n i t a t e  was made up in  d i s t i l l e d  
w a t e r  an d  t h e  pH w as a d j u s t e d  w i t h  NaOH (5M) t o  pH 7 .4 . T h i s  
s o l u t i o n  was f i l t e r  s t e r i l i s e d  ( M i l l i p o r e  0.2 pm) and s to r e d  a t  4°C.
3 . 2 .2  B iochem ica l Methods
3 . 2 . 2 . 1  E s t im a t io n  o f  NAD
NAD was a s sa y e d  e s s e n t i a l l y  a s  d e s c r ib e d  by N isselbaum  and Green 
(1 9 6 9 ) ,  t h e  m e c h a n ism  o f  t h e  r e a c t i o n  i s  sh o w n  i n  F ig .  (3 .1 ) .  I n  
t h i s  m ethod, NAD c o n ta in in g  sam ples  w ere  added  t o  a  s u i t a b l y  b u f f e r e d  
m i x t u r e .  NAD i s  r e d u c e d  t o  NADH by  a l c o h o l  d e h y d r o g e n a s e  w h ic h  i n  
t u r n  re d u c e s  t h e  chromagen m ix tu re  MTT and PMS t o  a  p u rp le  c o lo u re d  
f o r m a z a n .  The r a t e  o f  i n c r e a s e  i n  a b s o r b a n c e  du e  t o  t h e  p u r p l e
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M T T  F O R M A Z A NMTT
P U R P L E  M E A S U R E D  AT 5 7 0  nM
Fi g .  1 . 3  T h e  p r i n c i p l e  o f  N i s s e l b a u m & G r e e n  
a s s a y  f o r  NAD
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c o l o u r  i s  d e p e n d e n t  on  t h e  c o n c e n t r a t i o n  o f  NAD + NADH an d  was 
m e a s u re d  by e s t i m a t i n g  t h e  i n c r e a s e  i n  a b s o r b a n c e  a t  560 nm. The 
r e a c t i o n  m i x t u r e  c o n t a i n e d  0 .8  ml o f  PMS (1 m g /m l) ,  0 .05  ml o f  MTT 
(5 m g /m l) ,  0.1 m l o f  ADH (1 m g /m l)  an d  1 .95  m l o f  t r i e t h a n o l a m i n e  
(TEA) b u f f e r  ( f o r  t h e  c o m p o s i t i o n  o f  TEA b u f f e r  s e e  m a t e r i a l s  
3 . 1 .4 b ) .
3 . 2 . 2 . 2  NAD L evel in  T .b ru ce i
T r y p a n o s o m e s  w e r e  c o l l e c t e d  b y  c e n t r i f u g a t i o n  i n  a  
m ic r o c e n t r i f u g e  f o r  30 seco n d s  and th e  p e l l e t e d  c e l l s  broken  in  50% 
e th a n o l  and s o n ic a t e d  u s in g  a  b a th  s o n i c a t o r  (DAWE SONICLEANER TYPE 
6441A) fo r  15 m in u tes .  The m ix tu re  was r e c e n t r i f u g e d  and 100 ^ 1  o f  
t h e  s u p e rn a ta n t  was a s s a y e d  f o r  NAD c o n te n t .  R e s u l t s  w ere ex p re ssed  
a s  p  mol NAD/10^ t rypanosom es.
3 . 2 . 2 . 3  P reparation  o f  Anion-Exchanger (DEAE-Cellulose)
Whatman p r e - s w o l l e n  m ic ro g ra n u la r  a n i o n - e x c h a n g e r  (Type DE-52) 
w as u s e d .  The D E A E - c e l lu lo s e  was e q u i l i b r a t e d  w i t h  K r e b s -R in g e r  
p h o sp h a te  b u f f e r  (w i th o u t  g lu c o se  and s u c ro s e )  i n  t h e  r a t i o  o f  1 0 0  g 
o f  p r e - s w o l l e n  a d s o rb a n t  t o  1.5 l i t r e  o f  b u f f e r .  The a d so rb en t  was 
a l l o w e d  t o  s e t t l e  f o r  a b o u t  2 0  m i n u t e s  an d  t h e  s u p p e r n a t a n t ,  
c o n t a i n i n g  t h e  f i n e s ,  w as  d e c a n t e d  o f f .  T h i s  w as  r e p e a t e d  f i v e  t o  
s i x  t i m e s  and f i n a l l y  t h e  a d s o rb e n t  was re su sp e n d e d  i n  K rebs-R inger 
p h o s p h a t e  b u f f e r  ( w i t h o u t  g l u c o s e  and  s u c r o s e ) ,  pH 8 .0 . The 
p r e p a r a t i o n  o f  t h e  c o lu m n  and  t h e  f r a c t i o n a t i o n  o f  t h e  b lo o d  w ere  
b o th  c a r r i e d  o u t  a t  4°C and th e  e l u a t e s  w ere  k e p t  i n  i c e  b a th s .
3 . 2 . 2 . 4  Ir r a d ia t io n  o f  Trypanosomes
T ry p a n o s o m e s  w e re  i r r a d i a t e d  i n  a  C o b a l t - 6 0  s o u r c e  e m i t t i n g
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0 . 5K ra d s  o f  Y - r a d i a t i o n  p e r  m inu te .  The i r r a d i a t i o n  was p e r fo rm e d  
a t  room te m p e ra tu re  and trypanosom es  w ere im m e d ia te ly  p la c e d  on i c e  
u n t i l  used.
3 . 2 . 2 . 5  ADPR-transferase assay
In  o rd e r  t o  e s t i m a t e  th e  p h y s i o l o g i c a l  A D PR -transferase  a c t i v i t y  
250 u l  a l i q u o t s  o f  p e r m e a b i l i s e d  t r y p a n o s o m e s  i n  t h e  h y p o t o n i c  
b u f f e r ,  a t  a  d e n s i t y  o f  a p p ro x im a te ly  1 0 ® c e l l s / m l ,  w ere t r a n s f e r r e d  
t o  a  w a te r  b a th  a t  26°C and th e  a s s a y  was s t a r t e d  by th e  a d d i t i o n  o f  
50 j i l  h y p e r to n ic  s o l u t i o n  c o n t a in in g ,  10 ^ il  [ ®H]-NAD (20 m ci/^unole, 1 
m c i / m l )  an d  10 f i l  o f  100 mM DTT. The f i n a l  c o n c e n t r a t i o n s  i n  t h e  
a s s a y  w ere: NAD 1.6 )liM, HEPES 38 mM (pH 7.8), KCl 117 mM, DTT 7.8 mM, 
EGTA 1 mM, MgCl2  4.2 mM, G lucose  1% and D extran  4.2%. 20 jul a l i q u o t s
w ere w ithd raw n  a t  t h e  i n d i c a t e d  t i m e  p o i n t s  and th e  a c i d  i n s o l u b l e  
r a d i o a c t i v i t y  was e s t im a te d  by l i q u i d  s c i n t i l l a t i o n  c o u n t in g .
3 . 2 . 2 . 6  DNA M olecu lar Weight S tu d i e s  Using N ucleo id  G ra d ie n ts
DNA m o l e c u l a r  w e ig h t  c h a n g e s  w e re  s t u d i e d  by  m e a s u r i n g  t h e  
s e d im e n ta t io n  r a t e  o f  trypanosom e n u c le o id s  a c c o rd in g  t o  th e  method 
o f  F a r z a n e h  e t  a l .  (1 9 8 5 ) .  100 ju l o f  t r y p a n o s o m e  s u s p e n s i o n
(a p p ro x im a te ly  5x10^ trypanosom es) was g e n t l y  d e p o s i te d  i n  300 ^ul o f  
l y s i s  s o l u t i o n  which h a s  a l r e a d y  been  o v e r l a i d  on 14 ml 15-30% l i n e a r  
s u c ro s e  g r a d i e n t  i n  c e l l u l o s e  n i t r a t e  tu b e s .  (For c o m p o s i t io n  o f  t h e  
s u c r o s e  s o l u t i o n s  and l y s i s  s o l u t i o n  (see  m a t e r i a l s  3.1.5 & 3.1.6).
The g r a d i e n t s  w e re  k e p t  i n  t h e  d a r k  f o r  30 m i n u t e s  a t  room  
t e m p e r a tu r e  and th e n  c e n t r i f u g e d  a t  23K rpm (ap p ro x im a te ly  100xl0®g) 
in  a  Beckman SW 27 r o t o r  f o r  2 h o u rs .
To i d e n t i f y  t h e  p o s i t i o n  o f  n u c l e o i d s  b a n d s;  g r a d i e n t s  
c o n t a in in g  e th id iu m  b ro m id e , w ere  v i s u a l i s e d  w ith  an u l t r a v i o l e t
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t r a n s i l lu m in a t o r  and t h e  p o s i t i o n  o f  n u c le o id s  w ere  m arked. The 
d is ta n c e  t r a v e l le d  by th e  n u c leo id s  was measured by th e  d is ta n c e  from  
th e  p o s i t i o n  o f  th e  n u c le o id s  band in  th e  g r a d ie n t  t o  th e  b o ttom  o f  
th e  la y e r  a t  th e  to p  o f  t h e  g r a d ie n t .  R e la t iv e  d i s t a n c e  w ere  th en  
e s t im a t e d  a s  th e  r a t i o  o f  th e  d is t a n c e  t r a v e l l e d  by damaged  
n u c leo id s  to  th e  d is ta n c e  t r a v e l le d  by undamaged (re fren ce) n u c leo id s  
in  th e  same c e n tr ifu g a t io n .
3 . 2 .2 . 7  Trypanosome p e r m e a b i l i s a t i o n
C e l l s  w e re  p e r m e a b i l i s e d  t o  NAD by an o s m o t i c  s h o c k  p r o c e d u r e  
(Farzaneh  e t  a l . ,  1985). Washed trypanosom es w ere  re suspended  a t  a  
d e n s i t y  o f  a p p r o x i m a t e l y  l x l o V m l  i n  a h y p o t o n i c  s o l u t i o n  ( s e e  
m a t e r i a l s  3 .1 .7 a ) .  T ry p a n o s o m e s  w ere  k e p t  on  i c e ,  u n t i l  m o re  t h a n  
90% b e c a m e  p e r m e a b l e ;  t h e n  t h e  s o l u t i o n  w as m ade i s o t o n i c  by  t h e  
a d d i t i o n  o f  1 /5  Vol. o f  a  h y p e r to n ic  s o l u t i o n  (s e e  m a t e r i a l s  3.1.7b). 
p e r m e a b i l i s a t i o n  was r o u t i n e l y  ach ieved  a f t e r  a b o u t  15 m in u te s  and 
was m o n i t o r e d  by  a d d i n g  1 / 5  V ol. o f  a s o l u t i o n  o f  0.2% (W/V) T ry p an  
b lu e  i n  t h e  h y p e r to n ic  b u f f e r  t o  a s m a l l  sam ple  o f  trypanosom es. The 
p e r c e n t a g e  o f  T r y p a n  b l u e  p o s i t i v e  c e l l s  w a s  e s t i m a t e d  
m ic r o s c o p ic a l ly .
3 . 2 . 2 . 8  Measurement o f  A cid In so lu b le  R a d io a c t iv ity
A c id - in s o l u b le  r a d i o a c t i v i t y  was m easured by  ad d in g  an  a l i q u o t  
o f  t h e  r e a c t i o n  m ix tu re  c o n ta in in g  th e  a c id  i n s o l u b l e  r a d i o a c t i v i t y  
t o  a p p ro x im a te ly  1-2  ml o f  i c e - c o l d  20% (W/V) t r i c h l o r o a c e t i c  a c i d  
(TCA). The s a m p l e s  w e re  t h e n  f i l t e r e d  o n t o  M i l l i p o r e  GF/C d i s c s  
( p r e w a s h e d  w i t h  3 m l i c e - c o l d  5% TCA) u s i n g  a  M i l l i p o r e  u l t r a  
f i l t r a t i o n  t o w e r .  The d i s c s  w e re  w ashed  t h r e e  t i m e s  w i t h  5 m l o f  
i c e - c o l d  5% TCA a n d  o n c e  w i t h  5 ml o f  95% e t h a n o l  an d  t h e n  l e f t  t o
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d r y  a t  room t e m p e r a t u r e  f o r  2 h o u r s  o r  i n  an  o ven  a t  60°C f o r  1 0 -1 5  
m in u te s .
3 . 2 . 2 . 9  S c i n t i l l a t i o n  C oun ting
A l l  r a d i o a c t i v e  s a m p l e s  w e re  c o u n t e d  i n  a  P a c k a r d  T r i - C a r b  
l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r .  The s c i n t i l l a n t  u s e d  w as  
0.5% (W/V) PPO, 30% (V/V) T r i to n -x lO O , 70% (V/V) Toluene ( s c i n t i l l a n t  
f o r  a q u e o u s  s a m p l e s ) .  U s u a l l y  3 m is  o f  s c i n t i l l a n t  w as  u s e d .  The 
GF/C f i l t e r  d i s c s  u s e d  w e r e  a l w a y s  p l a c e d  f a c e  u p p e rm o s t  i n  t h e  
s c i n t i l l a t i o n  v i a l s .  C ounting  e f f i c i e n c y  was 28% f o r  [ ]-NAD.
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CHAPTER POUR
DNA Damage and NAD m etabolism  
in  T .brucei
R esu lts  and D iscu ssion
4.1 Introduction
I t  has p r e v io u s ly  been dem onstrated th a t trea tm en t o f  c e l l s  w ith  
DNA dam aging a g e n t s  r e s u l t s  in  a r a p id  lo w e r in g  o f  th e  NAD l e v e l s  
w ith  a c o n c o m ita n t  in c r e a s e  in  A D P R -transferase a c t iv i t y  (Whish e t  
a l . ,  1975 ; S k id m ore e t  a l . ,  1979; D urkacz e t  a l . ,  1980).  The 
in c r e a se  in  ADPR-transferase a c t iv i t y  may be brought about by e i th e r  
a lk y la t in g  a g e n ts , ir r a d ia t io n  or en d on u cleases. Hie common e f f e c t  
o f  a l l  t h e s e  a g e n t s  i s  th a t  th e y  u l t i m a t e l y  r e s u l t  in  DNA s t r a n d -  
b r e a k s . The c o r r e l a t i o n  b etw een  th e  drop i n  NAD and th e  in c r e a s e d  
ADPR-transf era se  a c t iv i t y ,  in  a dose dependent manner (as observed by 
Durkacz e t  a l . ,  1980), su g g ests  th a t A D P -rib osy la tion  may have a r o le  
in  DNA rep a ir .
I n  t h i s  s e c t i o n  t h e  a im  w as t o  s t u d y  t h e  e f f e c t  o f  DMS an d  Y -  
r a d i a t i o n  o n  t h e  c e l l u l a r  NAD l e v e l  i n  T . b r u c e i . DMS, a  
m o n o f u n c t i o n a l  a l k y l a t i n g  a g e n t  u s e d  f o r  i n v e s t i g a t i o n  h e r e ,  i s  an 
e l e c t r o p h i l i c  compound ( M i l l e r ,  1970) which r e a c t s  w i th  n u c l e o p h i l i c  
s i t e s  i n  t h e  DNA, p a r t i c u l a r l y  t h e  N7  o f  g u a n i n e  an d  t o  a  l e s s e r  
e x t e n t ,  t h e  N7  o f  a d e n i n e  (L a w le y ,  1966).  The i n t r o d u c t i o n  o f  t h e  
m e t h y l  g r o u p  a t  t h e  N7  p o s i t i o n  o f  g u a n i n e  d e s t a b i l i z e s  t h e  
g l y c o s i d i c  l i n k a g e  b e tw e e n  t h e  Ng o f  p u r i n e  a n d  o f  d e o x y r i b o s e ,  
t h u s  m aking t h e  bond more s u s c e p t i b l e  t o  h y d r o l y s i s .  A lthough t h e  N7  
o f  g u a n i n e  i s  n o t  i n v o l v e d  i n  h y d ro g e n  b o n d in g  i n  t h i s  p o s i t i o n  i t  
d o e s  l e a d  t o  t h e  p r o d u c t i o n  o f  a p u r i n i c  s i t e s .  T h i s  l e a d s  t o  t h e  
su b se q u e n t  f o r m a t io n  o f  s i n g l e  s t r a n d - b r e a k s  i n  t h e  p o l y n u c l e o t i d e  
backbone. Thus damage t o  DNA w i l l  r e s u l t  i n  h e l i x  d i s t o r t i o n  and t h e  
l o s s  o f  f u n c t i o n  i n  b i o l o g i c a l  p r o c e s s e s  s u c h  a s  r e p l i c a t i o n ,  
t r a n s c r i p t i o n  and c e l l u l a r  d i f f e r e n t i a t i o n .  However, c e l l s  p o s s e s s  
t h e  c a p a c i t y  t o  cope w i th  l i m i t e d  damage t o  t h e i r  DNA i n  t h e  fo rm  o f
74
r e p a i r  p r o c e s s e s  s u c h  t h a t  t h e  dam aged  r e g i o n s  a r e  e n z y m a t i c a l l y  
r e m o v e d  f r o m  DNA a n d  r e p l a c e d  b y  a  new  s e q u e n c e  o f  i n t a c t  
n u c l e o t id e s ;  c l o s i n g  t h e  gap  by  l i g a s e  a c t io n .  For r e c e n t  re v ie w s  o f  
ADPR-transf e r a s e  in v o lv e m e n t  i n  c e l l u l a r  p ro c e s s e s  s e e  (A lth au s ,  H ilz  
& S h a l l  1985 and G aa l  & P ea rso n  1985, 1986).
4.2 Results
4 . 2 .1  In  v i t r o  M aintenance o f  T .b ru c e i
Trypanosomes (b ru c e i  b ru c e i )  w ere m a in ta in e d  in  RPMI 1640 medium 
(xlO), made up t o  no rm al s t r e n g t h  w i th  HEPES s o l u t i o n  (20 mM) pH 7.4 , 
i n  t h e  a b s e n c e  an d  p r e s e n c e  o f  2mM 3AAB a t  37°C. T h i s  m edium  w as 
su pp lem en ted  w i th  0.15% (w/v) bov ine  serum  a lb u m in  to g e th e r  w i th  t h e  
c o m p o n e n ts  o u t l i n e d  i n  t h e  m a t e r i a l s  s e c t i o n .  M i c r o s c o p i c  
e x a m in a t io n  o f  T .b .b ruce i su g g e s te d  t h a t  a t  37°C, i n  th e  p re s e n c e  o r  
a b s e n c e  o f  2mM 3AAB, t h e s e  o r g a n i s m s  r e m a in  m o t i l e  an d  t h e r e f o r e  
p r e s u m a b l y  a l i v e  f o r  a t  l e a s t  3 h o u r s  i n  t h e  a b o v e  m e d iu m .  
F ig .  (4.1) d e m o n s t ra te s  t h a t  th e  in  v i t r o  s y s te m  f o r  t h e  m a in tenance  
o f  t h e  trypanosom es  used  in  th e s e  s t u d i e s  i s  a d e q u a te  f o r  a t  l e a s t  up 
t o  3 h o u r s  s i n c e  t h e r e  i s  no  r e d u c t i o n  i n  t h e  m o t i l i t y  o f  t h e  
t r y p a n o s o m e s  d u r i n g  t h i s  p e r i o d .  H ow ever s o o n  a f t e r  t h i s  p e r i o d  
t h e r e  i s  a  r a p id  d e c l in e  i n  t h e  v i a b i l i t y  o f  t h e  trypanosom es. T h is  
w as show n  t o  b e  in d e p e n d e n t  o f  a l t e r a t i o n s  i n  t h e  pH. F ig .  (4 .2 )  
d e m o n s t r a t e s  t h a t  t h e  pH o f  t h e  c u l t u r e  i s  s t a b l e  o v e r  t h i s  p e r i o d  
an d  t h a t  t h e  0 .6  pH u n i t  d r o p  h ad  n o  e f f e c t  on t h e  v i a b i l i t y  o f  
t r y p a n o s o m e s .  T he  s h a r p  d e c r e a s e  i n  t h e  n u m b e r  o f  m o t i l e  
try p an o so m es  was a l s o  found t o  be indep en d en t o f  g lu c o s e  d e p l e t i o n  
s i n c e  t h e  a d d i t i o n  o f  e x t r a  1 % g l u c o s e  a t  90 a n d  150 m i n u t e s  when 
t h e r e  i s  s t i l l  l i t t l e  o r  no  r e d u c t i o n  i n  t h e  m o r t a l i t y  o f  t h e  
t r y p a n o s o m e s  h a s  no  e f f e c t  on s u b s e q u e n t  r a t e  o f  d e c l i n e  i n  
v i a b i l i t y .
4 . 2 .2  E s t im a t io n  o f  NAD l e v e l  in  T .b ru c e i
I n  o r d e r  t o  e s t i m a t e  th e  NAD l e v e l  i n  T .b ru c e i  a  s ta n d a rd  cu rve  
was e s t a b l i s h e d  (F ig . 4.3). NAD was a s sa y e d  e s s e n t i a l l y  a s  d e s c r ib e d  
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F ig .  4 .1
I n  v i t r o  m a i n t e n a n c e  o f  T . b r u c e i . T ry p a n o s o m e s  w e re  i n c u b a t e d  i n  
HEPES b u f f e r e d  RPMI a t  37°C i n  t h e  p r e s e n c e  an d  a b s e n c e  o f  3AAB 
(2mM). T rypanosom es' m o t i l i t y  was m o n i to red  by u s in g  phase  c o n t r a s t  
m i c r o s c o p y ,  a n d  a c t i v e  t r y p a n o s o m e s  w e r e  c o u n t e d  u s i n g  a 
haem ocy tom eter .  C o n tro l  c e l l s  ( • ) ,  c e l l s  t r e a t e d  w ith  2mM 3AAB ( * ) .  
Each p o i n t  i s  t h e  mean o f  2 s e p a r a t e  e x p e r i m e n t s  i n  e a c h  o f  w h ich  
t r y p a n o s o m e s  w e r e  c o u n te d  i n  d u p l i c a t e s ,  t h e  b a r s  i n d i c a t e  t h e  
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F ig .  4 .2
pH a l t e r a t i o n  i n  T .b ruce i  c u l t u r e  media. Trypanosomes w ere in c u b a te d  
i n  HEPES b u f f e r e d  RPMI a t  37°C . The pH o f  t h e  medium w as  m e a s u re d  
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F ig .  4 .3  n moles NAD
NAD standard curve. NAD l e v e l  in  T .brucei was estim a ted  accord in g  t  
th e  method o f  N isselbaum  & Green (1969). T his in vo lved  measuremen 
o f  t h e  NAD l e v e l  i n  s t a n d a r d  s o l u t i o n s .  B a se d  on s i m i l a  
m ea su rm en ts, t h e  NAD l e v e l  in  T .b r u c e i w as found t o  be 1 3 .2  + 2. 
pmol NAD/10** trypanosom es. Each p o in t  on th e  standard curve i s  a l s  
t h e  mean o f  s i x  in d e p e n d e n t m ea su rem en ts , t h e  b a r s  i n d i c a t e  th  
standard error o f  th e  mean.
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w e r e  u s e d  a t  a  d e n s i t y  o f  5x10^  c e l l s / m l  i n  HEPES b u f f e r e d  RPMI 
medium sup p lem en ted  w i th  0.15% (W/V) bo v in e  serum  album in . The NAD 
l e v e l  i n  T . b r u c e i  w a s  f o u n d  t o  b e  1 3 .2  + 2 .5  p m o l  N AD /10^ 
t r y p a n o s o m e s  (n = 1 0 ) .  B ased  on  t h e  p u b l i s h e d  f i g u r e s  f o r  t h e  DNA 
c o n te n t  i n  try p an o so m es  (0.097 pg  n u c l e u s ,  0.004 k in e to p l a s t )  t h e  NAD 
c o n te n t  can be  c a l c u l a t e d  a s  a p p ro x im a te ly  132 pm oles  p e r  mg DNA.
4 . 2 .3  The R esponse o f  T .b r u c e i  t o  DMS
DMS w as m ade up  i n  50% (V/V) e t h a n o l / w a t e r  ( f i n a l  e t h a n o l  
c o n c e n t r a t i o n ,  0.25% (V/V). To 10m l a l i q u o t s  o f  c e l l s ,  (5x10^  
try p an o so m es /m l)  i n  t h e  HEPES b u f f e r e d  RPMI medium DMS was added t o  
a  v a r i e t y  o f  f i n a l  c o n c e n t r a t i o n s  r a n g i n g  f r o m  10 /iM t o  1 mM. The 
r e s u l t i n g  c u l t u r e s  w ere  mixed w e l l  and in c u b a te d  a t  37°C in  a  w a te r  
b a t h .  S a m p l e s  (1  m l )  w e r e  r e m o v e d  a t  e a c h  t i m e  p o i n t ,  
m i c r o c e n t r i f u g e d  f o r  30 seco n d s ,  t h e  c e l l  p e l l e t  was resuspended  in  
50% e t h a n o l  an d  s o n i c a t e d  u s i n g  a  b a t h  s o n i c a t o r  (DAWE SONICLEANER 
TYE 6441A) f o r  15 m in u te s .  The r e s u l t i n g  m ix tu re  was r e c e n t r i f u g e d  
and t h e  s u p e r n a ta n t  a s s a y e d  f o r  NAD c o n te n t  ( s e e  m ethods 3.2.2.1).
At 1 mM DMS (F ig . 4 .4 ),  t h e r e  was no e f f e c t  on th e  c e l l u l a r  NAD 
l e v e l  f o r  90 m in u te s .  A f t e r  t h i s  t i m e  t h e  NAD l e v e l  f e l l  i n  a l i n e a r  
f a s h i o n  o v e r  a  p e r i o d  o f  30 m i n u t e s  t o  50% o f  t h e  i n i t i a l  l e v e l  a t  
w hich  i t  rem a in ed  f o r  n e a r l y  an hou r .  When try p an o so m es  were t r e a t e d  
w i t h  0 .5  mM DMS ( F ig .  4 .5 ) ,  t h e  NAD l e v e l  d i d  n o t  d r o p  d u r i n g  t h e  
f i r s t  70 m i n u t e s ,  a f t e r  w h ic h  t i m e  t h e  l e v e l  d r o p e d  r a p i d l y .  The 
NAD d r o p  o c c u r e d  o v e r  a  s u b s e q u e n t  p e r i o d  o f  70 m i n u t e s ,  f a l l i n g  
from  13.2 + 2.5 p m o l /1 0 6  c e l l s  t o  2.6 + 1 p m o l/1 0 6  c e l l s  a t  which 
i t  r e m a i n e d  f o r  a t  l e a s t  30 m i n u t e s .  D u r in g  a l l  o f  t h e s e  t i m e  
c o u r s e s  g r e a t e r  t h a n  95% m o t i l i t y  was m a in ta in e d ;  however, a f t e r  3 







































g ig .  4 .4
The e f f e c t  o f  c o n t i n u o u s  l.OmM DMS t r e a t m e n t  on t h e  c e l l u l a r  NAD 
c o n te n t .  The NAD le v e l  was e s t i m a t e d  by t h e  method o f  N isse lbaum  and 
G re e n  (1969).  The NAD c o n t e n t  i s  e x p r e s s e d  a s  p m o l NAD/10^
t r y p a n o s o m e s .  c o n t r o l  c e l l s  (O), l.OmM DMS (•) . Each p o i n t  i s  t h e  
mean o f  6  m easurem ents  i n  3 s e p a r a t e  e x p e r im e n ts ,  t h e  b a r s  i n d i c a t e  
t h e  s ta n d a r d  e r r o r  o f  t h e  mean.
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F ig .  4 .5
The e f f e c t  o f  c o n t i n u o u s  0.5mM DMS t r e a t m e n t  on t h e  c e l l u l a r  NAD 
c o n te n t .  The NAD l e v e l  was e s t im a te d  by t h e  method o f  N isselbaum  and 
G re e n  (1 9 6 9 ) .  The NAD c o n t e n t  i s  e x p r e s s e d  a s  pm ol NAD/10^ 
t r y p a n o s o m e s .  C o n t r o l  c e l l s  (O), 0.5mM DMS (•) .  Each p o i n t  i s  t h e  
mean o f  6  m easu rem en ts  i n  3 s e p a r a t e  e x p e r im e n ts ,  t h e  b a rs  i n d i c a t e  
t h e  s ta n d a r d  e r r o r  o f  th e  mean.
The l a g  p h a s e  o f  7 0 -9 0  m i n u t e s  w as  a l w a y s  s e e n  i n  b o th  0 .5  mM 
and 1 mM DMS t r e a tm e n t  r e s p e c t iv e l y .  T h is  su g g e s te d  t h a t  i n f a c t  t h e  
DMS c o n c e n t r a t i o n s  u s e d  s o  f a r  may h a v e  b e e n  t o o  h ig h  p o s s i b l y  
c a u s i n g  t h e  i n a c t i v a t i o n  o f  t h e  NAD m e t a b o l i s i n g  enzym es t h u s  
p r e v e n t in g  o r  s lo w in g  th e  NAD lo s s .  To i n v e s t i g a t e  t h i s  p o s s i b i l i t y  
trypanosom es w ere  t r e a t e d  u s in g  low er  c o n c e n t r a t i o n s  o f  DMS/ t h a t  i s  
10 jiM t o  300 ^iM. As c a n  b e  s e e n  i n  ( F ig .  4 .6 ) ,  t h e  c e l l u l a r  NAD 
l e v e l  d ro p p e d  w i t h o u t  a  l a g  p h a s e  a t  a l l  o f  t h e s e  lo w e r  DMS 
c o n c e n t r a t i o n s .  The d ro p  i n  NAD l e v e l  s e e m s  t o  be  l i n e a r  o v e r  DMS 
c o n c e n t r a t i o n s  u p  t o  1 0 0  ^M an d  g r a d u a l l y  d e c r e a s e s  a t  h i g h e r  
c o n c e n t r a t i o n s  ( F ig .  4 .7 ).  T a b l e  (4 .1 )  p r e s e n t s  a  sum m ary o f  t h e  
d a t a  i n  (F ig .  4 .6 ) .  I t  sh o w s  t h a t  t h e  i n i t i a l  r a t e  o f  NAD d r o p  i s  
p r o p o r t i o n a l  t o  t h e  DMS c o n c e n t r a t i o n .  However when trypanosom es a r e  
t r e a t e d  w i t h  0 .5  mM an d  1 mM DMS t h i s  d r o p  i s  d e l a y e d  w i t h  a l a g  
phase  o f  some 70-90 m inu tes .  To i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  ADPR- 
t r a n s f  e r a s e  i n a c t i v a t i o n  by h igh  c o n c e n t r a t i o n  o f  DMS, p h y s io lo g i c a l  
and t o t a l  A DPR-transf e r a s e  a c t i v i t i e s  w ere m easured a s  d e s c r ib e d  in  
t h e  n e x t  s e c t i o n .
4 .2 .4  A D P R -transfe ra se  Assay
Trypanosomes a r e  im perm eable t o  NAD, t h e  s p e c i f i c  s u b s t r a t e  f o r  
A DPR-transf e r a s e .  In  c e l l s  p e r m e a b i l i s e d  t o  NAD by a  m ild  hypo ton ic  
s h o c k  ( s e e  m e th o d s  f o r  e x p e r i m e n t a l  d e t a i l s  3 .2 .2 . 6 ) tw o  l e v e l s  o f  
A D P R -transfe ra se  a c t i v i t y  can  be  m easured:
i )  The b a s a l  o r  p h y s i o l o g i c a l  a c t i v i t y ,  i n  t h e  a b s e n c e  o f  
e x p e r i m e n t a l ly  induced DNA s t r a n d - b r e a k s .  
i i )  The p o t e n t i a l  o r  maximum a c t i v i t y  d i s p la y e d  in  th e  p re sen ce  
o f  e x p e r i m e n t a l l y  in d u c e d  DNA s t r a n d - b r e a k s ,  fo rm e d  by  t h e  




















F ig .  4 .6
The e f f e c t  o f  c o n t i n u o u s  t r e a t m e n t  w i t h  v a r i o u s  d o s e s  o f  DMS on 
c e l l u l a r  NAD c o n te n t .  The NAD c o n te n t  was measured a f t e r  t r e a tm e n t  
o f  t r y p a n o s o m e s  w i t h  v a r i o u s  d o s e s  o f  DMS a t  37°C. R e s u l t i n g  NAD 
l e v e l s  w e re  e s t i m a t e d  by  t h e  m e thod  o f  N is s e lb a u m  & G re e n  (1 9 6 9 ) .  
NAD c o n te n t  i s  e x p re s s e d  a s  pmol NAD/10^ trypanosom es. C o n tro l  c e l l s  
(O), 10 ^M DMS ( • ) ,  20 JUM DMS (A), 30 ^M DMS ( * ) ,  50 JlM (A) DMS, 
100 JL1M (□) DMS, 200 ;iM (■) DMS and  300 J l M  DMS(*).Each p o i n t  i s  t h e  
mean o f  6  m easurem ents  i n  3 s e p a r a t e  e x p e r im e n ts ,  t h e  b a r s  i n d i c a t e  
t h e  s ta n d a rd  e r r o r  o f  t h e  mean.
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Table 4.1 Relationship Between DMS Concentration
and th e  C e l l u l a r  NAD Drop
DMS (jUM) The i n i t i a l  r a t e  o f  NAD D e g ra d a t io n  
p  mole NAD/min/10^ trypanosom es
C o n tro l 0 . 0
1 0 0 .03
2 0 0 .073
30 0.14
50 0 .18
1 0 0 0 .39
2 0 0 0 .65
300 0 .73
The i n i t i a l  NAD d e g ra d a t io n  r a t e  was d e te rm in e d  u s in g  th e  
15 m in u te s  l i n e a r  p o r t i o n  o f  NAD d e g ra d a t io n  p r e s e n te d  in  
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R e l a t i o n s h i p  b e tw e e n  t h e  d r o p  i n  c e l l u l a r  NAD l e v e l  an d  DMS 
c o n c e n t r a t i o n .  The NAD c o n t e n t  w as m e a s u re d  a f t e r  c o n t i n u o u s  
t r e a t m e n t  o f  t r y p a n o s o m e s  w i t h  v a r i o u s  d o s e s  o f  DMS a t  37°C. The 
r a t e  o f  NAD d ro p  in  t h e  DMS t r e a t e d  trypanosom es was e s t i m a t e d  from 
t h e  d a t a  i n  (F ig . 4.6) u s in g  t h e  i n i t i a l  l i n e a r  15 m ins. The r a t e  o f  
d e g ra d a t io n  i s  e x p re s s e d  a s  pmol NAD/min/10^ trypanosom es.
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In o rd e r  t o  e s t i m a t e  t h e  p h y s io lo g i c a l  A D P R -tran sfe ra se  a c t i v i t y  
250 u l  a l i q u o t s  o f  p e r m e a b i l i s e d  t r y p a n o s o m e s  i n  t h e  h y p o to n i c  
b u f f e r ,  a t  a  d e n s i t y  o f  a p p ro x im a te ly  1 0 ® c e l l s / m l ,  w ere  t r a n s f e r r e d  
t o  a  w a te r  b a th  a t  26°C and th e  a s s a y  was s t a r t e d  by th e  a d d i t io n  o f  
50 u l  h y p e r to n ic  s o l u t i o n  c o n ta in in g ,  10 u l  [®H]-NAD (20 m ci/pm ole ,  1 
m c i / m l )  an d  10 j i l  o f  100 mM DTT. The f i n a l  c o n c e n t r a t i o n s  i n  t h e  
a s s a y  w ere: NAD 1.6 juM, HEPES 38 mM (pH 7.8), KCl 117 mM, DTT 7.8 mM, 
ECTA 1 mM, MgCl2  4.2 mM, G lucose  1% and D ex tran  4.2%. 20 yul a l i q u o t s
w ere  w ith d raw n  a t  t h e  i n d i c a t e d  t im e  p o i n t s  and  t h e  a c i d  in s o lu b le  
r a d i o a c t i v i t y  w as  e s t i m a t e d  by l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  ( s e e  
m e th o d s  3 .2 .2 .7 ) .  P e r m e a b i l i s a t i o n  was r o u t i n e l y  a c h i e v e d  a f t e r  
a b o u t  15 m in u te s  o f  e x p o su re  t o  t h e  h y p o to n ic  b u f f e r  when more th a n  
90% o f  t ry p an o so m es  becam e p e rm eab le  (see  m ethods 3.2.2.6).
For th e  e s t im a t io n  o f  th e  p o t e n t i a l  A D P R -tr a n sfe r a se  a c t i v i t y  
tr y p a n o so m e s  w e r e  t r e a t e d  w ith  0.1  mM, 0 .5  mM and 1 mM DMS fo r  30 
m in u te s  a t  37°C  p r io r  t o  p e r m e a b i l i s a t io n .  The p o t e n t i a l  ADPR- 
t r a n s f e r a s e  a c t i v i t y  w as th e n  m easured a s  d e s c r ib e d  fo r  th e  
p h y s io lo g ic a l  a c t i v i t y .
In  T .b r u c e i p e r m e a b le  t o  NAD th e r e  i s  a lo w  b u t m ea su ra b le  
p h y s io lo g ic a l  A D P R -transferase a c t i v i t y  (F ig  4 .8 ,  A ) ,  in d u c t io n  o f  
DNA s tr a n d -b r e a k s  in c r e a s e s  t h i s  a c t iv i t y .  T h is i s  c le a r ly  ev ident 
in  trypanosom es w hich a re  tr e a te d  w ith  0.1 mM DMS fo r  30 m inutes at 
37°C p r io r  t o  p e r m e a b i l i s a t io n  (F ig  4 .8 , •  ). In  t h e s e  c e l l s  th e  
A D P R -tr a n s fe r a se  a c t i v i t y  i s  in c r e a s e d  ab o u t 3.5 f o l d  o v er  th e  
p h y s io lo g ic a l  A D PR -transferase a c t iv i t y .
C o n s is te n t w ith  th e  su g g estio n  th a t h igh  c o n c e n tr a tio n s  o f  DMS 
w e r e  i n a c t i v a t i n g  A D P R -tr a n sfe r a se  a c t i v i t y  in  L1210 c e l l s  (A l-  






























Time (m inu tes )
F ig  4 .8
A D P R - t r a n s f e r a s e  a c t i v i t y  i n  T . b r u c e i  p e r m e a b i l i s e d  t o  NAD by 
h y p o t o n i c  s h o c k .  T ry p a n o s o m e s ,  f r e s h l y  i s o l a t e d  f ro m  an  i n f e c t e d  
f e m a l e  W i s t a r  r a t ,  w e re  m ade p e r m e a b l e  t o  [ 3 H]-NAD ( s e e  m e th o d s  
3.2.2 .6 ). P h y s io lo g ic a l  and  p o t e n t i a l  A D PR -transferase  a c t i v i t y  w ere 
m easured  in  t h e  p re s e n c e  of1.6>iM [ 3 H]-NAD ( s p e c i f i c  a c t i v i t y  20 mci/m  
m ole and  r a d i o a c t i v e  c o n c e n t r a t i o n  o f  1 m c i/m l) .  For t h e  e s t i m a t i o n  
o f  t h e  p o t e n t i a l  A D P R -tran sfe ra se  a c t i v i t y  trypanosom es w ere  t r e a t e d  
w i t h  0 .1  mM DMS, 0.5 mM a n d  1 mM a t  37°C f o r  30 m in . p r i o r  t o  
p e r m e a b i l i s a t i o n .  P h y s i o l o g i c a l  a c t i v i t y  ( A ) ,  p o t e n t i a l  a c t i v i t y ;  
0 .1  mM ( • ) ,  0 .5  mM (*) a n d  1 mM ( * )  DMS. The a c i d  i n s o l u b l e  
r a d i o a c t i v i t y  w as t h e n  e s t i m a t e d  by  l i q u i d  s c i n t i l l a t i o n  c o u n t in g .  
Each p o in t  i s  t h e  mean o f  4 m easurem ents  i n  2 s e p a r a t e  e x p e r im e n ts ,  
t h e  b a r s  i n d i c a t e  t h e  s t a n d a r d  e r r o r  o f  t h e  mean.
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0 .5  mM ( * )  r e s u l t e d  i n  a  lo w er  in c r e a s e  i n  A D P R -transferase  a c t i v i t y  
c o m p a re d  t o  t h e  a c t i v i t y  o f  t h i s  enzym e t r e a t e d  w i t h  t h e  lo w e r  
c o n c e n t r a t i o n  o f  0 .1  mM DMS (• )  ( F ig .  4 .8 ) .  T h i s  f i n d i n g  i s  i n  
d i s a g r e e m e n t  w i t h  D u rk a c z  e t  a l . ,  (1980) who fo u n d  t h a t  ADPR- 
t r a n s f e r a s e  a c t i v i t y  was in c re a s e d  by 3 - f o ld  when L1210 c e l l s  were 
t r e a t e d  w i th  1 mM DMS. A l-M uhtaseb (1985) r e p o r te d  t h a t  t h e  enzyme 
A D P R -transfe ra se  was i n a c t i v a t e d  in  p e r m e a b i l i s e d  Mouse L1210 c e l l s  
a f t e r  t r e a t m e n t  w i t h  h i g h  c o n c e n t r a t i o n s  o f  DMS. T h i s  r e p o r t  
i n d i c a t e s  33.4% and 52% l o s s  o f  enzyme a c t i v i t y  a f t e r  0.5 mM and 1 mM 
DMS t r e a tm e n t .  ThiMan & S h a l l  (1982) a l s o  d e m o n s t ra te d  t h a t  a t  DMS 
c o n c e n t r a t i o n s  h i g h e r  t h a n  0 .5  mM t h e  s y n th e s i s  o f  p o ly  (ADP-ribose) 
d e c l i n e d .  T hey  r e p o r t e d  t h a t  a t  t h e s e  h i g h e r  c o n c e n t r a t i o n s  t h e  
c e l l s  w e r e  v i s i b l y  s h r u n k e n  when e x a m in e d  by  p h a s e - c o n t r a s t  
m icroscopy .
4 . 2 .5  The Enhancement o f  C y to to x ic i ty  o f  DMS by I n h i b i t o r s  o f  
A D P R -tra n sfe ra se
I n h i b i t io n  o f  p o ly (A D P -r ib o se )  b i o s y n t h e s i s ,  by a number o f  
c o m p e t i t i v e  i n h i b i t o r s  (P u r n e ll  & W hish, 1 9 8 0 ) ,  b lo c k s  th e  DNA 
damaging agent induced low erin g  o f  c e l lu la r  NAD con ten t. They a lso  
r e t a r d  t h e  e x c i s i o n  r e p a i r  o f  DNA and c a u s e s  a s y n e r g i s t i c  
enhancement o f  th e  c y t o t o x ic i t y  o f  DNA damaging a g en ts  (Skidmore e t  
a l . ,  1979; Nduka e t  a l . ,  1980 and Durkacz e t  a l . ,  1980).
F o llo w in g  t h e  i n v e s t i g a t i o n  o f  c y t o t o x i c i t y  o f  DMS in  T .b ru c e i ; 
t h e  e n h a n c e m e n t  o f  c y t o t o x i c i t y  o f  t h i s  DNA d a m a g in g  a g e n t  by  t h e  
c o m p e t i t i v e  i n h i b i t o r s  o f  t h e  e n z y m e  A D P R - t r a n s f e r a s e ,  3 -  
am inobenzam ide (3AB) and  3-ace tam idobenzam ide  (3AAB) t o g e th e r  w i th  
t h e i r  non i n h i b i t o r y  a c i d  an a lo g u es  3-am inobenzoic  a c i d  (3ABA) and 3 -  
a c e t a m i d o b e n z o i c  a c i d  (3AABA) r e s p e c t i v e l y ,  w as i n v e s t i g a t e d .
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T ry p a n o s o m e s  w e re  p r e - i n c u b a t e d  w i t h  t h e  i n h i b i t o r s  o r  t h e i r  a c i d  
a n a lo g u e s  a t  2 mM w ith  a d e n s i t y  o f  5x10^ c e l l s / m l  o f  c u l t u r e  medium 
a t  37°C f o r  30 m i n u t e s .  DMS w as a d d e d  t o  a  v a r i e t y  o f  f i n a l  
c o n c e n t r a t i o n s  v a ry in g  from 50 p^M t o  1 mM. The r e s u l t i n g  c u l t u r e s  
w e r e  m ix ed  w e l l  a n d  i n c u b a t e d  a t  37°C i n  a  w a t e r  b a t h .  S a m p le s  
(1 ml) w ere removed and c e l l u l a r  NAD l e v e l s  w ere  m easured u s in g  th e  
method o f  N isse lbaum  & Green (1969) (se e  methods 3.2.2.1).
The i n h i b i t i o n  o f  t h e  c e l l u l a r  NAD d r o p  u s i n g  2 mM 3AAB, w as 
a l s o  s t u d i e d  i n  trypanosom es p e r m e a b i l i s e d  t o  NAD. Trypanosomes a t  a  
d e n s i t y  o f  a p p ro x im a te ly  1x10® c e l l s / m l  w ere t r e a t e d  w ith  100 jliM DMS 
f o r  30 m i n u t e s  a t  37°C p r i o r  t o  p e r m e a b i l i s a t i o n .  The t o t a l  ADPR- 
t r a n s f e r a s e  a c t i v i t y  w as m e a s u re d  e i t h e r  i n  t h e  a b s e n c e  ( •  ) o r  
p r e s e n c e  ( *  ) o f  t h e  3AAB i n  p e r m e a b i l i s e d  t r y p a n o s o m e s .  The 
i n h i b i t o r  was added b e fo re  t h e  s u b s t r a t e ,  [ ] -NAD, (Fig. 4.13).
A n a ly s in g  t h e  c e l l u l a r  NAD c o n te n t  a f t e r  3 h o u rs  DMS t r e a tm e n t  
i n  t h e  p r e s e n c e  o f  e i t h e r  2 mM 3AB o r  3AAB, i n d i c a t e s  a  d r a m a t i c  
r e t a r d a t i o n  o f  t h e  c e l l u l a r  NAD l o s s  ( F i g s .  4 .9 ,4 .1 0 ,4 .1 1 ,4 .1 2 ) .  
A f t e r  50 j i M ,  0 .1  mM an d  0.2 mM DMS t r e a t m e n t  ( F ig .  4 . 9 , a , b , c  an d  d) 
i n  t h e  p r e s e n c e  o f  2 mM 3AB th e  c e l l u l a r  NAD l o s s e s  were found t o  be 
17%, 39% and  48% w h e r e a s  w i t h o u t  t h e  i n h i b i t o r  t h e  l o s s e s  a r e  52%, 
80% a n d  8 6 % r e s p e c t i v e l y .  I n  t h e  p r e s e n c e  o f  2 mM 3AAB ( F ig .  
4 . 1 0 , a , b , c  an d  d ) ,  t h e  c e l l u l a r  NAD l o s s e s  a f t e r  3 h o u r s  DMS 
t r e a t m e n t ;  50 /iM, 0.1 mM and 0.2 mM; w ere  found t o  be 9%, 13% and 24% 
r e s p e c t i v e l y .  T h is  shows t h a t  i n  t h e  p r e s e n c e  o f  A D P R - t r a n s f e r a s e  
i n h i b i t o r s  t h e  c e l l u l a r  NAD drop  i s  g r e a t l y  r e t a r d e d  compared t o  t h e  
i n h i b i t o r  f r e e  e x p e r im e n ts  (48%, 78% and 85% r e s p e c t iv e l y )  u s in g  t h e  




































E f fe c t  o f  v a r io u s  c o n c e n t r a t i o n s  o f  DMS on th e  c e l l u l a r  NAD c o n te n t  
i n  t h e  a b s e n c e  o r  p r e s e n c e  o f  3AB o r  3ABA. The NAD c o n t e n t  i n  
t r y p a n o s o m e s  t r e a t e d  w i t h  n o  D M S(a,*),or 5 0 ^uM ( b ) ,  0 .1  mM (c)  and  
0 .2  mM (d) DMS f o r  3 h r  i n  t h e  a b s e n c e  (A) o r  p r e s e n c e  o f  2 mM 3AB 
(A) o r  3ABA (O) w as  e s t i m a t e d  ( i n  t h e  3AB an d  3ABA t r e a t e d  s a m p l e s ,  
p r i o r  t o  th e  DMS a d d i t i o n ,  t h e  trypanosom es w ere p r e - in c u b a te d  w i th  
2 mM 3AB o r  3ABA f o r  30 m in u te s  a t  37°C).
Number o f  d e t e r m in a t io n s  = 4.
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F ig .  4 .10
E f f e c t  o f  v a r io u s  c o n c e n t r a t i o n s  o f  DMS on t h e  c e l l u l a r  NAD co n ten  
i n  t h e  a b s e n c e  o r  p r e s e n c e  o f  3AAB o r  3AABA. The NAD c o n t e n t  i  
trypanosom es  t r e a t e d  w ith  no  DMS (a ,  * ) ,  o r  50 / j M (b), 0.1 mM (c) an 
0 .2  mM (d) DMS f o r  3 h r  i n  t h e  a b s e n c e  ( A ) o r  p r e s e n c e  o f  2 mM 3AA 
( A )  o r  3AABA ( O )  w as e s t i m a t e d  ( i n  t h e  3AAB an d  3AABA t r e a t e  
s a m p l e s ,  p r i o r  t o  t h e  DMS a d d i t i o n ,  t h e  t r y p a n o s o m e s  w e re  p r e  
in c u b a te d  w i th  2 mM 3AABA f o r  30 m in u te s  a t  37°C).





































Time (m inu tes )
F ig .  4 .11
E f f e c t  o f  1 mM DMS on  t h e  c e l l u l a r  NAD c o n t e n t  i n  T . b r u c e i  i n  t h e  
p re s e n c e  o r  ab sen ce  o f  3AAB. The NAD c o n te n t  i n  trypanosom es t r e a t e d  
w i th  1 mM DMS e i t h e r  i n  th e  p re s e n c e  o r  absence  o f  2 mM 3 AAB ( p r i o r  
t o  th e  DMS t r e a t m e n t  t h e  trypanosom es w ere p r e - in c u b a te d  w i th  2 mM 
3AAB f o r  30 m in .  a t  37°C) w as  e s t i m a t e d  u s i n g  t h e  m e th o d  o f  
N isse lbaum  & G reen (1969). NAD l e v e l  i n  c o n t r o l  c e l l s  (O), 2 mM AAB 
(*), 1 mM DMS ( • ) ,  1 mM DMS+2 mM 3AAB (A).






































Time (m in u tes )
F ig .  4 .12
E f f e c t  o f  0 .5  mM DMS on t h e  c e l l u l a r  NAD c o n t e n t  i n  T . b r u c e i  i n  t h e  
p r e s e n c e  o r  a b s e n c e  o f  3AAB. The NAD c o n t e n t  w as m e a s u re d  in  
try p an o so m es  w hich  had been t r e a t e d  (or no t)  w i th  2 mM 3AAB ( p r io r  to  
th e  DMS t r e a t m e n t  t h e  trypanosom es w ere  in c u b a te d  w i th  2 mM 3AAB fo r  
30 m in .  a t  37°C) w as e s t i m a t e d  by  t h e  m e thod  o f  N is s e lb a u m  & G reen  
(1 9 6 9 ) .  NAD l e v e l  i n  c o n t r o l  c e l l s  (O), 2 mM 3AAB (*), 0 .5  mM DMS 
( • ) ,  0.5 mM DMS+2 mM 3AAB (A).
Number o f  d e t e r m in a t io n s  = 6
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T h e  NAD d r o p  c a u s e d  b y  DMS t r e a t m e n t  a t  a n y  o f  t h e  
c o n c e n t r a t i o n s  used  i s  b lo ck ed  by t h e  A D P R -transfe rase  i n h i b i t o r s  3AB 
o r  3AAB. T h i s  w as  t h e  c a s e  e v e n  th o u g h  t h e r e  i s  a  c o n s i d e r a b l e  
q u a l i t a t i v e  d i f f e r e n c e  i n  t h e  way t h a t  h igh  o r  low c o n c e n t r a t io n s  o f  
DMS a f f e c t s  t h e  NAD l e v e l s  i n  t h i s  o r g a n i s m  ( s e e  F ig s .  4 .9 ,  4 .1 0 ,  
4 .1 1 ,4 .1 2  and  4 .13 ) I n  t h e  a b s e n c e  o f  DMS t r e a t m e n t  t h e  i n h i b i t o r s  
on  t h e i r  own d i d  n o t  c a u s e  a  d r o p  b u t  i n s t e a d  a  s l i g h t  i n c r e a s e  i n  
t h e  c e l l u l a r  NAD l e v e l .
I n  c o n t r a s t  t o  t h e  i n h i b i t o r s  o f  A D P R - t r a n s f e r a s e  a c t i v i t y ,  
c o r re s p o n d in g  c o n c e n t r a t i o n s  o f  t h e  n o n - i n h i b i t o r y  a c i d  a n a l o g u e s ,  
3ABA and 3AARA d i d  n o t  i n h i b i t  t h e  DMS induced  lo w er in g  o f  c e l l u l a r  
NAD l e v e l  (F ig .  4 .9  & 4 .1 0 ) .
I n  th e  s t u d i e s  o f  t h e  e f f e c t  o f  A D P R -transfe rase  i n h i b i t o r s  on 
t h e  c e l l u l a r  NAD d r o p ,  3AAB had  t h e  m o s t  d r a m a t i c  e f f e c t  w h ic h  i s  
c o m p a t i b l e  w i t h  t h e  p u b l i s h e d  Ki v a l u e s  o f  t h e s e  i n h i b i t o r s  
(k i= 0 .4 3  juM and 2.6 ^iM f o r  3AAB and 3AB r e s p e c t i v e l y  (P u rn e l l  & Whish 
1 980 ) .
A D P R - t r a n s f e r a s e  a s s a y s  ( F ig .  4 .13) a l s o  d em o n s tra ted  t h a t  t h e  
i n i t i a l  r a t e  o f  A D P R -tran sfe ra se  i n  trypanosom es  t r e a t e d  w ith  0.1 mM 
DMS i s  1 0 - f o l d  h i g h e r  t h a n  t h e  i n i t i a l  r a t e  i n  t r y p a n o s o m e s  w hose  
A D P R -tran sfe ra se  a c t i v i t y  was a s s a y e d  i n  t h e  p re s e n c e  o f  2 mM 3AAB.
4 . 2 . 6  The E f f e c t  o f  Y - i r r a d i a t i o n  on th e  C e l l u l a r  NAD Level in  
T .b r u c e i
I n d u c t i o n  o f  DNA dam age  i n  t r y p a n o s o m e s  c a u s e s  a  d ro p  i n  t h e  
c e l l u l a r  NAD l e v e l  n o t  o n l y  i n  r e s p o n s e  t o  t h e  m o n o f u n t io n a l  
a l k y l a t i n g  a g en t  DMS b u t  a l s o  by ex p o su re  t o  Y - r a d i a t i o n .  To s tu d y  

































F ig .  4 .13
I n h i b i t i o n  o f  A D P R -transfe ra se  a c t i v i t y  i n  T .b ru ce i  p e r m e a b i l i s e d  to  
NAD by  h y p o t o n i c  s h o c k .  F r e s h l y  i s o l a t e d  t r y p a n o s o m e s  w e re  made 
p e rm e a b le  t o  [%]-NAD (see  m ethods). The p o t e n t i a l  A D PR -transferase  
a c t i v i t y  was m easured  e i t h e r  i n  t h e  absence  ( • ) ,  o r  p r e s e n c e  o f  2 mM 
3AAB (4c). The i n h i b i t o r  was added t o  t h e  p r e m e a b i l i s e d  trypanosom es 
b e f o r e  t h e  a d d i t i o n  o f  [ ] -NAD.  T ry p a n o s o m e s  w e re  t r e a t e d  w i th  
0 .1  mM DMS a t  37°C f o r  30 m i n u t e s  p r i o r  t o  p e r m e a b i l i s a t i o n .  Each 
p o i n t  i s  t h e  mean o f  4 m easurem ents  i n  2 s e p a r a t e  e x p e r im e n ts .
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try p a n o so m e s a t  a d e n s i t y  o f  5x10^ c e l l s / m l  w ere e x p o se d  t o  
a p p r o x im a te ly  1 .5 ,  2 .5  and 15K rad s o f  y  - r a d ia t i o n  ( s e e  m ethods  
3 . 2 . 2 . 4 )  ( F ig .  4 . 1 4 ) .  In  c o n t r a s t  t o  t h e  DMS t r e a t m e n t ,  t h e  
r a d ia t io n  induced NAD drop i s  very rap id , u su a lly  occuring w ith in  5 
m in u te s  o f  ex p o su re  t o  1 .5 ,  2 .5  and 15K ra d s in  a d o se  d ep en d en t  
manner. The NAD le v e l  reached approxim ately  73% , 54% and 43% o f  th e  
c o n t r o l  l e v e l ,  r e s p e c t i v e l y  (F ig . 4 .1 4 ).  A lso  c o n s i s t e n t  w ith  th e  
dem onstration  th a t Y - ir r a d ia t io n  induced damage i s  ra p id ly  rep a ired  
in  many eu k aryotic  c e l l s  such a s  mouse L1210 c e l l s  (Skidmore e t  a l . ,  
1 9 7 9 ) ,  in  tryp an osom es t h i s  drop  i s  a l s o  r a p id ly  f o l lo w e d  by 
r e s to r a t io n  o f  NAD le v e l  t o  th e  co n tr o l v a lu es  u su a lly  w ith in  about 
1 5 -3 0  m in u tes  even  in  p a r a s i t e s  t r e a t e d  w ith  15K rad s o f  Y - 
r a d ia t io n . The d ecrease in  th e  c e l lu la r  NAD in  mouse L1210 c e l l s  has 
b een  show n t o  be c o r r e la t e d  w ith  an enhanced  s p e c i f i c  a c t i v i t y  o f  
A D PR-transferase in  th e se  c e l l s  (Skidmore e t  a l . ,  1979).
4 . 2 . 7  Enhancement o f  C y to to x ic ity  o f  IT -r a d ia t io n  by I n h ib ito r s  o f  
ADPR-t ra n sfera se
As i n  DMS in d u c e d  r e d u c t i o n  i n  t h e  l e v e l  o f  c e l l u a l r  NAD, t h e  
Y - i n d u c e d  d ro p  i n  c e l l u l a r  NAD l e v e l  i s  a l s o  p a r t i a l l y  b lo c k e d  by 
t h e  A D P R - t r a n s f e r a s e  i n h i b i t o r  3AAB a t  2 mM. T h i s  i n h i b i t i o n  i s  
o b s e rv e d  a t  Y - r a d i a t i o n  d o ses  ra n g in g  from 1.5 t o  15k rad s .  The NAD 
d r o p  a t  a l l  d o s e s  o f  Y - r a d i a t i o n  u s e d  i n  t h i s  s t u d y ,  1 .5 ,  2 .5  and  
15k r a d s ,  i n  t h e  p r e s e n c e  o f  2 mM 3AAB i s  3 - f o l d  l o w e r  t h a n  t h e  NAD 
l e v e l  i n  c o m p a r a b le  t r y p a n o s o m e s  w i th o u t  i n h i b i t o r  (F igs. 4.15,4.16 
























301550 10 20 25
Time (m inutes)
F ig ,  4 .14
The t im e  c o u rs e  o f  t h e  e f f e c t  o f  v a r io u s  d o se s  o f  Y - r a d i a t i o n  on th e  
c e l l u l a r  NAD c o n t e n t .  The NAD c o n t e n t  w as m e a s u re d  a t  37°C a f t e r  
e x p o s u r e  t o  v a r i o u s  d o s e s  o f  Y - r a d i a t i o n ;  1 .5 ,  2 .5  an d  15k r a d s .  
Y - i r r a d i a t i o n  was c a r r i e d  o u t  a t  room t e m p e r a t u r e .  The r e s u l t i n g  
NAD l e v e l s  were e s t im a te d  by t h e  method o f  N isse lbaum  & Green (1969). 
T he  NAD l e v e l  i n  c o n t r o l  ( u n - i r r a d i a t e d )  c e l l s  ( • ) ,  1 .5k r a d s  o f  
Y - r a d i a t i o n  ( *  ) ,  2.5k r a d s  o f  y  - r a d i a t i o n  ( *  ), 15k r a d s  o f  Y - 
r a d i a t i o n ( i ) .E a c h  p o i n t  i s  t h e  m ean o f  6  m e a s u r e m e n t s  i n  3 s e p a r a t e  
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Time (m inutes)
F ig  4 .1 5
The t i m e  c o u r s e  o f  t h e  e f f e c t  o f  1.5k r a d s  o f  Y - r a d i a t i o n  on t h e  
c e l l u l a r  NAD c o n t e n t  i n  t h e  p r e s e n c e  o f  3AAB. T h e  NAD c o n t e n t  i n  
t r y p a n o s o m e s  ( 5 x l 0 7  c e l l s / m l )  e x p o s e d  t o  1 .5k r a d s  o f  Y - r a d i a t i o n  
( Y - i r r a d i a t i o n  w as c a r r i e d  o u t  a t  room t e m p e r a t u r e ,  s e e  m e th o d s)  
e i t h e r  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  3AAB ( p r i o r  t o  t h e  Y -  
i r r a d i a t i o n  t h e  t r y p a n o s o m e s  w ere  i n c u b a t e d  w i t h  2 mM 3AAB f o r  30 
m in .  a t  3 7 °C ) ,  w as e s t i m a t e d  by  t h e  m e th o d  o f  N i s s e lb a u m  & G reen  
( 1 9 6 9 ) .  NAD l e v e l  i n  u n - i r r a d i a t e d  c e l l s  ( • ) ,  1 .5k  r a d s  o f  Y -  
r a d i a t i o n  ( *  ) ,  2 mM 3AAB ( *  ) ,  1.5k r a d s  o f  Y - r a d i a t i o n + 2  mM 3AAB 
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Time (m inutes)
F ig .  4 .16
The t i m e  c o u r s e  o f  t h e  e f f e c t  o f  2.5k r a d s  o f  y  “ r a d i a t i o n  on  t h e  
c e l l u l a r  NAD c o n t e n t  i n  t h e  p r e s e n c e  o f  3AAB. The NAD c o n t e n t  i n  
t r y p a n o s o m e s  (5x10^  c e l l s / m l )  e x p o s e d  t o  2.5k r a d s  o f  Y - r a d i a t i o n  
( Y - i r r a d i a t i o n  w as c a r r i e d  o u t  a t  room  t e m p e r a t u r e ,  s e e  m e th o d s )  
e i t h e r  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  3AAB ( p r i o r  t o  t h e  Y~ 
i r r a d i a t i o n  t h e  t r y p a n o s o m e s  w e re  i n c u b a t e d  w i t h  2 mM 3AAB f o r  30 
m in .  a t  37°C) w as e s t i m a t e d  by  t h e  m e th o d  o f  N is s e lb a u m  & G re e n  
(1 9 6 9 ) .  NAD l e v e l  i n  u n - i r r a d i a t e d  c e l l s  ( • ) ,  2 .5k  r a d s  o f  Y -  
r a d i a t i o n  ( #  ) ,  2 mM 3AAB ( ★ ) ,  2.5k r a d s  o f  Y - r a d i a t i o n + 2  mM 3AAB 
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The t i m e  c o u r s e  o f  t h e  e f f e c t  o f  15K r a d s  o f  y  - r a d i a t i o n  on t h e  
c e l l u l a r  NAD c o n t e n t  i n  t h e  p r e s e n c e  o f  3AAB. The NAD c o n t e n t  in
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t r y p a n o s o m e s  (5x10  c e l l s / m l )  e x p o s e d  t o  15K r a d s  o f  y - r a d i a t i o n  
( y  - i r r a d i a t i o n  w as c a r r i e d  o u t  a t  room  t e m p e r a t u r e ,  s e e  m e th o d s )  
e i t h e r  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  3AAB ( p r i o r  t o  t h e  Y -  
i r r a d i a t i o n  on  t h e  try p an o so m es  w ere in c u b a te d  w i th  2mM 3AAB f o r  30 
m in .  a t  37°C ) ,  w as  e s t i m a t e d  by  t h e  m e th o d  o f  N is s e lb a u m  & G re e n  
(1 9 6 9 ) .  NAD l e v e l  i n  u n - i r r a d i a t e d  c e l l s  ( • ) ,  15K r a d s  o f  Y -  
r a d i a t i o n  ( # ) ,  2mM 3AAB ( * ) ,  15K r a d s  o f  Y ~ r a d i a t i o n + 2  mM 3AAB 
( A ) .  Number o f  d e t e r m in a t io n s  = 6 .
1 0 1
4 . 2 .8  DNA M olecu la r  Weight S tu d ie s
DNA d am ag e  and  r e p a i r ,  f o l l o w i n g  DMS t r e a t m e n t  an d  Y - 
i r r a d i a t i o n  w a s  i n v e s t i g a t e d  i n  T . b r u c e i  by  m e a s u r i n g  t h e  
s e d im e n ta t i o n  r a t e  o f  t ry p an o so m al n u c le o id s  a c c o rd in g  t o  t h e  method 
o f  F a r z a n e h  e t  a l .  (1 9 8 5 ) .  The p r i n c i p l e  o f  t h e  m ethod  i s  a  g e n t l e  
l y s i s  o f  t h e  c e l l s  i n  t h e  p re s e n c e  o f  n o n - io n i c  d e t e r g e n t s  and h igh  
s a l t  c o n c e n t r a t i o n s  on  t h e  t o p  o f  g r a d i e n t  w i t h o u t  s u b s e q u e n t  
m a n i p u l a t i o n .  When c e l l s  a r e  l y s e d  i n  t h i s  way, s t r u c t u r e s  
r e s e m b l i n g  n u c l e i ,  c a l l e d  n u c l e o i d s  fo rm .  The n u c l e o i d s  c o n t a i n  
e s s e n t i a l l y  a l l  o f  t h e  n u c l e a r  DNA, m o s t  o f  t h e  RNA b u t  a r e  g r o s s l y  
d e p l e t e d  i n  p r o t e i n s .  The DNA i s  i n  a  s u p e r c o i l e d  c o n f ig u r a t io n  and 
t h e r e f o r e  com pact;  c o n s e q u e n t ly  t h e  n u c le o id s  sed im en t r a p id l y  i n  a  
n e u t r a l  s u c r o s e  g r a d i e n t .  The n u c le o id s  c o n s i s t  a p p a re n t ly  o f  l a r g e  
num bers  o f  in d e p e n d e n t ,  s u p e r c o i l e d  DNA lo o p s .  One s i n g l e  o r  doub le ­
s t r a n d  n ic k  i n  a  DNA s u p e r c o i l e d  lo o p  w i l l  r e l i e v e  t h e  s u p e r c o i l in g  
and expand  t h e  lo o p ,  o r  b reak  i t  i n t o  u n c o i l l e d  s t r a n d s  i f  t h e  b reak  
i s  d o u b l e - s t r a n d e d .  C o n s e q u e n t ly ,  s i n g l e - s t r a n d  n i c k s  g e n e r a t e  a 
l e s s  c o m p a c t  s t r u c t u r e  w h ic h  s e d i m e n t s  m ore  s l o w l y  i n  t h e  n e u t r a l  
s u c r o s e  g r a d i e n t s .  When t h e  DNA i s  r e p a i r e d  t h e  n ick  i s  r e s e a l e d  and 
t h e  l o o p  i s  s u p e r c o i l e d  a g a i n .  T h u s ,  t h e  n u c l e o i d  a g a i n  b ecom es  
com pact and  s e d im e n ts  r a p id l y .  To i d e n t i f y  t h e  p o s i t i o n  o f  n u c le o id  
bands ; g r a d i e n t s  c o n ta in in g  e th id iu m  b rom ide , a r e  v i s u a l i s e d  w i th  an 
u l t r a v i o l e t  t r a n s i l l u m i n a t o r .  E th id ium  brom ide  removes th e  n e g a t iv e  
s u p e r h e l i c a l  t u r n s  from DNA, b u t  a t  h ig h  ( s a t u r a t i n g )  c o n c e n t r a t io n s  
(30 > ig /m l )  i t  e s t a b l i s h e s  p o s i t i v e  o n e s ,  s o  t h e  s e d i m e n t a t i o n  
b e h a v io u r  o f  t h e  DNA i s  s i m i l a r  t o  t h a t  a t  z e ro  c o n c e n t r a t io n  o f  th e  
d y e .
T h is  t e c h n iq u e  w as u sed  t o  a s s e s s  th e  e f f e c t  o f  in h ib i t i o n  o f  
poly(A D P -ribose) b io s y n th e s is  by 3AAB on th e  c a p a c ity  to  rep a ir  DNA
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o f  trypanosom es fo llo w in g  damage by DMS and Y -r a d ia t io n .
4 . 2 . 8 . 1  The E ffe c t  o f  DMS Treatment and T - ir r a d ia t io n  on th e  
Sedim entation  Rate o f  N ucleo ids in  T .brucei
Trypanosomes w ere  m a in ta in e d  a t  5x10® c e l l s / m l  in  HEPES b u f f e r e d  
RPMI 1640 medium su p p lem en ted  w i th  10% (V/V) f e t a l  c a l f  serum. A l l
o
e x p e r i m e n t s  w e r e  s t a r t e d  a t  a  c e l l  d e n s i t y  o f  a b o u t  5 x 1 0  
try p an o so m es/m l.  Trypanosomes t r e a t e d  w i th  2 mM 3AAB w ere  in c u b a te d  
i n  i t s  p r e s e n c e  f o r  30 m i n u t e s  a t  37°C p r i o r  t o  t h e  s t a r t  o f  t h e  
e x p e r im e n ts  and t h e  i n h i b i t o r  was p r e s e n t  th ro u g h o u t t h e  s tu d y .
DMS was made up in  50% (V/V) e t h a n o l /w a t e r  ( f i n a l  e th a n o l  
c o n c e n t r a t io n  0.25% (V/V). To 1 m l a l i q u o t s  o f  try p a n o so m e s (5x10® 
c e l l s /m l )  DMS was added t o  a f in a l  con cen tra tio n  o f  100 juM and 50 p M, 
a s  in d ica te d . The r e s u lt in g  c u ltu r e s  were mixed w e ll  and incubated  
fo r  1 hour a t 37°C in  a w ater bath.
Y - i r r a d i a t i o n  was p e r fo rm e d  a t  room te m p e ra tu r e  i n  a  c o b a l t - 6 0  
s o u rc e  (see  m ethods 3.2.2.4). Trypanosomes were exposed t o  15k ra d s  
o f  Y - r a d i a t i o n  a n d  w e re  e i t h e r  i m m e d i a t e l y  p l a c e d  on i c e  o r  
in c u b a te d  a t  37°C f o r  t h e  i n d i c a t e d  t im e s .
For s t u d i e s  o f  t h e  e f f e c t  o f  DMS t r e a tm e n t  and Y - i r r a d i a t i o n  on 
t h e  n u c le o id  s e d im e n ta t io n  r a t e  100 u l  ( 5x10' t rypanosom es/m l)  o f
each  c u l t u r e  was g e n t l y  d e p o s i t e d  i n  300 u l  o f  l y s i s  s o l u t i o n  which 
had a l r e a d y  been  o v e r l a i d  on 14 ml 15-30% l i n e a r  s u c ro s e  g r a d i e n t s .  
T h e  g r a d i e n t s  w e r e  k e p t  i n  t h e  d a r k  f o r  30 m i n u t e s  a t  r o o m  
te m p e r a t u r e  and th e n  c e n t r i f u g e d  a t  23k rpm (ap p ro x im a te ly  100x10 g) 
i n  a  Beckman SW 27 r o t o r  f o r  2 h o u rs  a t  room te m p e ra tu r e  (20°C).
A l l  c e n t r i f u g a t i o n s  w ere  p e r fo rm e d  i n  t h e  p re s e n c e  o f  e th id iu m  
b ro m id e  (30 }ig/ml). U sing  t h e  f lu o r e s c e n c e  o f  t h e  EtBr-DNA com plex
t h e  p o s i t i o n  o f  t h e  n u c l e o i d s  i s  e a s i l y  i d e n t i f i e d .  A l l  
c e n t r i f u g a t i o n s  in c lu d e d  tu b e s  w i th  undamaged ( r e fe re n c e )  n u c le o id s .  
The m i g r a t i o n  r a t i o  was e s t i m a t e d  a s  d e s c r ib e d  i n  methods (3.2.2.5).
T h e  e f f e c t  o f  d a m a g e  i n d u c e d  b y  DMS a n d  Y ~ r a d i a t i o n  on  
s e d im e n ta t i o n  o f  n u c l e o id s  d e r iv e d  from  T .b ru c e i  i s  shown i n  t a b l e s  
(4 .2 )  a n d  (4 .3 )  r e s p e c t i v e l y .  The r e l a t i v e  s e d i m e n t a t i o n  r a t e  
d e c r e a s e d  w i th  i n c r e a s i n g  c o n c e n t r a t i o n  o f  DMS from  50 jiM t o  100 jliM; 
p r e s u m a b l y  d u e  t o  t h e  r e l e a s e  o f  t h e  s u p e r c o i l i n g  w i t h i n  t h e  
n u c l e o i d s ,  l e a d in g  t o  a  more r e la x e d  and open s t r u c t u r e .
The 1 ho u r  t r e a t m e n t  o f  trypanosom es a t  37°C w ith  e i t h e r  50 p M  
o r  100  juM DMS r e d u c e d  t h e  n u c l e o i d  s e d i m e n t a t i o n  r a t e  by  h a l f .  In  
t h e  p r e s e n c e  o f  3AAB th e  s e d im e n ta t io n  r a t e  o f  n u c le o id s  from th e  DMS 
t r e a t e d  t r y p a n o s o m e s  i s  ev e n  s l o w e r  ( t a b l e  4 .2 ) ,  i n d i c a t i n g  t h e  
p r e s e n c e  o f  a l a r g e r  number o f  b re a k s .  T ab le  (4.3) d e m o n s t ra te s  t h a t  
i r r a d i a t i o n  o f  t r y p a n o s o m e s  w i t h  15k r a d s  o f  Y ~ r a d i a t i o n  a l s o  
re d u c e d  t h e  r e l a t i v e  s e d im e n ta t io n  r a t e  t o  0.36. 30 m in u te s  p o s t ­
i r r a d i a t i o n  i n c u b a t i o n  o f  t h e s e  c e l l s ,  a t  37°C , i n  t h e  a b s e n c e  o f  
A D P R - tra n s fe ra se  i n h i b i t o r s  r e s u l t e d  i n  t h e  p a r t i a l  r e s t o r a t i o n  o f  
t h e  r e l a t i v e  s e d im e n ta t io n  r a t e  t o  0.8. However, in  th e  p re se n c e  o f  
3AAB t h e  s e d im e n ta t io n  r a t e  o f  n u c l e o id s  i n c r e a s e s  from a p p ro x im a te ly  
0.3 t o  0.6. T h is  r e l a t i v e l y  low er i n c r e a s e  in  s e d im e n ta t io n  r a t e  in  
t h e  p r e s e n c e  o f  3AAB i n d i c a t e s  a  r e d u c e d  r a t e  o f  s t r a n d - b r e a k  
l i g a t i o n  i n  t h e  p r e s e n c e  o f  i n h i b i t o r .
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Table  4 .2  The e f f e c t  o f  DMS t r e a tm e n t  (50juM & lOtyiM) 
on t h e  n u c le o id  s e d im e n ta t io n  r a t e  o f  
T .b r u c e i  i n  t h e  p re s e n c e  o r  absence  o f  
2mM 3AAB r e l a t i v e  t o  u n t r e a t e d  c e l l s .
Experim ents
R e la t iv e  M ig ra t io n  R a t io  
(w ith  r e s p e c t  t o  u n t r e a t e d  c e l l s )  
1 h r  DMS Trea tm ent a t  37°C










R e s u l t s  a r e  t h e  means o f  two independen t e x p e r im e n ts .
T ab le  4 .3  The e f f e c t  o f  Y - i r r a d i a t i o n  (15K r a d s )  on th e  n u c l e o id  
s e d im e n ta t io n  r a t e  o f  T .b ru c e i  in  t h e  p re se n c e  o r  
absence  o f  2mM 3AAB r e l a t i v e  t o  u n t r e a t e d  c e l l s .
Experim ents
R e la t iv e  M ig ra t io n  R a t io  
(w ith  r e s p e c t  t o  u n t r e a t e d  c e l l s )
C o n tro l 1
2mM 3AAB 0 .9 6
15K ra d s  Y - r a d i a t i o n  
im m ediate l y s i s  
(no p o s t - i n c u b a t io n )
0 .36
15K ra d s  Y - r a d i a t i o n  
30 min p o s t - i n c u b a t i o n  
a t  37°C
0 . 8
15K r a d s  Y - r a d i a t i o n  
+2mM 3AAB 
im mediate l y s i s  
(no p o s t - i n c u b a t io n )
0 .3
15K ra d s  Y - r a d i a t i o n  
+2mM 3AAB
30 mins p o s t - i n c u b a t i o n  
a t  37°C
0 . 6
R e s u l t s  a r e  t h e  means o f  two independen t e x p e r im e n ts .
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4.3 Discussion
R e s u l t s  p r e s e n te d  i n  t h i s  s e c t i o n  d e m o n s t r a te  t h a t  exposure  o f  
try p an o sm es  t o  DNA damaging a g e n t s ,  DMS and Y - r a d i a t i o n ,  i n c r e a s e s  
t h e  a c t i v i t y  o f  A D P R - t r a n s f e r a s e  i n  T . b r u c e i . DMS, a  mono­
f u n c t i o n a l  m e th y la t in g  ag en t  low ered  th e  c e l l u l a r  NAD c o n te n t  i n  a  
do se -d ep en d en t manner up t o  300 uM re a c h in g  th e  minimum l e v e l  i n  1 t o  
2 h o u rs  o f  t r e a tm e n t .  However, h ig h e r  c o n c e n t r a t i o n s  o f  DMS, 0.5 mM 
a n d  1 mM, had  no  e f f e c t  on  t h e  c e l l u l a r  NAD l e v e l  u n t i l  som e 70 an d  
90 m in u te s  o f  t r e a t m e n t ,  r e s p e c t i v e l y .  A f te r  t h i s  t im e  t h e  NAD l e v e l  
f e l l  i n  a  l i n e a r  f a s h i o n .  T h i s  l a g  p h a s e  i s  p r o b a b l y  due  t o  t h e  
i n a c t i v a t i o n  o f  t h e  A D P R - t r a n s f e r a s e  enzym e i t s e l f  by  t h e  h i g h  
c o n c e n t r a t i o n  o f  DMS. The p o s s i b i l i t y  o f  s u c h  an  i n a c t i v a t i o n  w as  
i n v e s t i g a t e d  by  m easu r in g  A D P R -transfe rase  a c t i v i t y  in  trypanosom es 
p e r m e a b i l i s e d  t o  NAD. The r e s u l t s  s u g g e s t  t h a t  in c o rp o r a t io n  o f  NAD 
i n t o  a c i d  i n s o l u b l e  m a t e r i a l s  a f t e r  t r e a t m e n t  w i t h  0.5 mM DMS w as 
o n l y  2  f o l d  h i g h e r  t h a n  t h e  b a s a l  l e v e l  d e t e c t e d  i n  u n t r e a t e d  
t r y p a n o s o m e s .  A t t h e  h i g h e r  c o n c e n t r a t i o n  o f  1 mM DMS t h e r e  i s  no  
i n c r e a s e  i n  A D P R - t r a n s f e r a s e  a c t i v i t y  a b o v e  t h a t  d e t e c t e d  i n  
u n t r e a t e d  t r y p a n o s o m e s .  T h e se  r e s u l t s  c o n t r a s t  w i t h  t h e  3 .5  f o l d  
h ig h e r  a c t i v i t y  o f  t h e  enzyme in  trypanosom es t r e a t e d  w i th  th e  lo w er  
c o n c e n t r a t i o n  o f  100 jiM. I n t e r e s t i n g l y ,  t h e  enzym e a c t i v i t y  w as 
found  t o  be maximal when t h e  c e l l u l a r  NAD c o n te n t  was d e c re a s in g  a t  
t h e  h i g h e s t  r a t e  ( F i g s .  4 .6  & 4 .8 ) .  The d e l a y e d  o n s e t  o f  NAD 
r e d u c t io n  in  c e l l s  t r e a t e d  w i th  h ig h  c o n c e n t r a t i o n s  o f  DMS co u ld  o f  
c o u r s e  b e  a l s o  d u e  t o  t h e  d i r e c t  m e t h y l a t i o n  o f  t h e  ADPR a c c e p t o r  
p r o t e i n s  r a t h e r  t h a n  t h e  enzym e i t s e l f ,  t h u s  r e d u c i n g  t h e i r  
e f f i c i e n c y  o r  c a p a c i t y  a s  a c c e p to r s  o f  A D P -r ib o sy la t io n .
S e v e r a l  t y p e s  o f  m am m alian  c e l l s  a r e  a b l e  t o  r e j o i n  t h e  DNA 
d o u b le  s t r a n d - b r e a k s  p r o d u c e d  by  i o n i z i n g  r a d i a t i o n  (Lehman 1 9 7 8 ) .
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The Y - r a d i a t i o n  u sed  in  t h i s  work a l s o  r e s u l t e d  i n  a  dose-dependen t 
d r o p  i n  c e l l u l a r  NAD l e v e l s .  The m inim um  c e l l u l a r  NAD l e v e l  was 
r e a c h e d  i n  a b o u t  5 m i n u t e s ,  t h e  e a r l i e s t  t i m e  t e s t e d  a f t e r  Y -  
i r r a d i a t i o n .  From t h i s  t i m e  o n w a rd s  t h e  NAD l e v e l  r i s e s  r e a c h i n g  
n e a r  n o r m a l  v a l u e s  w i t h i n  15 m i n u t e s  o f  t r e a t m e n t .  I t  h a s  b e e n  
o b se rv e d  t h a t  t h e  r a p i d  d ro p  i n  mammalian c e l l u l a r  NAD l e v e l  a f t e r  
Y - i r r a d i a t i o n  i s  a s s o c i a t e d  w i th  an even more r a p id  i n c r e a s e  i n  t h e  
a c t i v i t y  o f  t h e  enzyme (Skidmore e t  a l . ,  1979).
T his c o r r e la t io n  betw een th e  drop in  c e l lu la r  NAD le v e l s  and th e  
a c t iv a t io n  o f  n u clear  ADPR-transferase a c t iv i t y  has been confirm ed in  
s e v e r a l  la b o r a to r ie s  u sin g  a v a r ie ty  o f  DNA damaging a g en ts.
S e v e r a l  i n h i b i t o r s  o f  n u c l e a r  A D P R - t r a n s f e r a s e  p r e v e n t e d  t h e  
c e l l u l a r  NAD d ro p  in d u ced  by DNA damaging a g e n t s .  V a r io u s  benzam ides  
s u b s t i t u t e d  i n  t h e  3 - p o s i t i o n  w e re  t h e  m o s t  i n h i b i t o r y  com pounds 
fo u n d  ( P u r n e l l  & W h ish ,  1980) .  The b e n z a m id e  a n a l o g u e s ,  3 -  
a m in o b e n z a m id e ,  3 - m e th o x y b e n z a m id e  and  3 - a c e t a m i d o b e n z a m i d e  a r e  
c o m p e t i t i v e  i n h i b i t o r s  o f  t h e  enzym e. The p o s s i b i l i t y  t h a t  3 -  
am inobenzam ide  and 3 -m e th o x y b e n z a m id e  w ork a t  t h e  p o l y m e r i s a t i o n  
s t e p ,  b u t  n o t  a t  t h e  i n i t i a t i o n  s t e p ,  h a s  b e e n  s u g g e s t e d  (S urow y  & 
W h ish  1 9 8 0 ) .  T h e s e  i n h i b i t o r s  a r e  r e l a t i v e l y  s p e c i f i c  i n  t h a t  a t  
n o n - t o x i c  c o n c e n t r a t i o n s  t h e y  d o  n o t  a p p e a r  t o  a f f e c t  o t h e r  
b i o c h e m i c a l  p a t h w a y s .  They a r e  t h e r e f o r e  v a l u a b l e  p r o b e s  f o r  
a s s e s s i n g  t h e  e f f e c t  o f  i n h i b i t i o n  o f  n u c l e a r  A D P R - t r a n s f e r a s e  
a c t i v i t y  i n  v i t r o .
In  c o n t r a s t ,  non in h ib i t o r y  c h e m ic a l a n a lo g u e s  o f  th e  ab o v e  
in h ib i t o r s  do not p reven t th e  drop in  c e l lu la r  NAD con ten t (Skidmore 
e t  a l . ,  1 9 7 9 ; D urkacz e t  a l . ,  1980 and S im s e t  a l . ,  1 9 8 2 ) .  T reatm en t  
o f  t h e  c e l l s  w ith  t h e  enzym e i n h i b i t o r s  e i t h e r  a lo n e  or a f t e r  DNA
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damage r e s u l t e d  i n  a  s m a l l  i n c r e a s e  in  th e  NAD le v e l  above th e  norm al 
l e v e l s .  I n  t h i s  w ork  t h e  i n h i b i t o r y  e f f e c t  o f  2 mM 3AB an d  3AAB on 
A D P R - t r a n s f e r a s e  a c t i v i t y  was e x a m in e d .  B o th  i n h i b i t o r s  g a v e  
b a s i c a l l y  t h e  sam e r e s u l t .  But 3AAB s e e m s  t o  b e  a  m ore  p o t e n t  
i n h i b i t o r  o f  A D PR-transf e r a s e  a c t i v i t y .  In  t h e  p re s e n c e  o f  3AAB t h e  
c e l l u l a r  NAD d ro p  was s u b s t a n t i a l l y  b locked  a t  a l l  DMS c o n c e n t r a t i o n s  
u s e d .  T h e re  w as  a  s m a l l  r i s e  i n  c e l l u l a r  NAD c o n t e n t  when t h e s e  
i n h i b i t o r s  w e re  u s e d  a l o n e  ( F ig s .  4 .9 ,4 .1 0 ,4 .1 1  an d  4 .1 2 ) .  T h e se  
r e s u l t s  co n f irm  t h a t  DNA damage a c t i v a t e s  A DPR-transf e r a s e  a c t i v i t y  
and  th e re b y  lo w e rs  t h e  c e l l u l a r  NAD l e v e l .  I t  h a s  been r e p o r te d  t h a t  
t h e  e x t e n t  o f  t h e  i n h i b i t i o n  o f  t h e  NAD d r o p  i s  d e p e n d e n t  on  t h e  
c o n c e n t r a t i o n  o f  t h e  enzym e i n h i b i t o r  an d  on  t h e  am o u n t o f  dam age 
(S k id m o re  e t  a l . ,  1 979 ) .  2 mM 3AAB u s e d  i n  t h i s  i n v e s t i g a t i o n
c o m p l e t e l y  i n h i b i t e d  t h e  c e l l u l a r  NAD d r o p  c a u s e d  by  1.5K r a d s  o f  
Y - r a d i a t i o n ,  h o w e v e r  t h i s  c o n c e n t r a t i o n  o f  3AAB o n ly  p a r t i a l l y  
i n h i b i t e d  t h e  e f f e c t  o f  h i g h e r  d o s e s  o f  y  - r a d i a t i o n  (2 .5  an d  
15K r a d s ) .
A n a ly s is  o f  th e  e f f e c t  o f  A D P R -tra n sfera se  i n h i b i t o r s  on th e  
n u c le o id  sed im en ta tio n  ra te  o f  trypanosom es tr e a te d  w ith  DMS or Y -  
r a d ia t io n  dem onstrates th e  involvem ents o f  ADPR-transferase a c t iv i t y  
in  th e  rep a ir  o f  both  ty p es  o f  DNA damage.
The 1 h o u r  t r e a t m e n t  o f  c e l l s  w i t h  e i t h e r  50 juM o r  100 ,uM DMS 
re d u c e s  t h e  n u c l e o id  s e d im e n ta t io n  r a t e  by h a l f .  In  t h e  p re s e n c e  o f  
3AAB t h e  s e d i m e n t a t i o n  r a t e  o f  n u c l e o i d s  f ro m  t h e  DMS t r e a t e d  
t r y p a n o s o m e s  i s  e v e n  s l o w e r ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  a l a r g e r  
number o f  b re a k s .
DMS h a s  a  s h o r t  h a l f - l i f e  (a p p ro x im a te ly  15 m in u te s )  a t  n e u t r a l  
pH. T h e re fo re ,  t h e  l a t t e r  h a l f  o f  t h e  1 hour in c u b a t io n  p e r io d  co u ld
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be r e g a rd e d  a s  t h e  p o s t  DMS t r e a tm e n t  p e r io d .  However, t h e  fo rm a t io n  
o f  DNA s t r a n d - b r e a k s  a f t e r  DMS t r e a tm e n t  i s  t h e  r e s u l t  o f  enzym atic  
rem ova l o f  t h e  damaged b a s e s  and th e  d e t e c t e d  l e v e l  o f  b re a k s  a t  any 
one t i m e  i s  t h e  n e t  b a la n c e  betw een  th e  r a t e  o f  fo rm a t io n  and rem oval 
o f  b r e a k s .  T h e re fo re  a l th o u g h  th e  reduced  s e d im e n ta t io n  r a t e  a f t e r  
DMS t r e a t m e n t  does  i n d i c a t e  th e  p r e s e n c e  o f  DNA s t r a n d - b r e a k s ,  t h e  
f u r t h e r  r e d u c t i o n  i n  t h e  s e d i m e n t a t i o n  r a t e  i n  3AAB t r e a t e d  
try p a n o so m e s  c o u ld  b e  t h e  r e s u l t  o f  e i t h e r  in c r e a s e d  r a t e  o f  s t r a n d -  
b re a k  f o r m a t io n  o r  a  d e c r e a s e  i n  t h e  r a t e  o f  s t r a n d - b r e a k  l i g a t i o n  in  
t h e  p r e s e n c e  o f  t h e  i n h i b i t o r .  T h e  p r e s e n t  s t u d i e s  d o  n o t  
d i s t i n g u i s h  be tw een  t h e  tw o  p o s s i b i l i t i e s .  However, t h e  w e igh t o f  
p u b l i s h e d  e v id e n c e  ( s e e  i n t r o d u c t i o n )  s t r o n g l y  s u g g e s t s  t h e  r e d u c e d  
r a t e  o f  s t r a n d - l i g a t i o n  a s  t h e  l i k e l y  e f f e c t  o f  3AAB t r e a tm e n t .  T h is  
i n t e r p r e t a t i o n  i s  f u r t h e r  s t r e n g t h e n e d  b y  t h e  s t u d y  o f  t h e  
s e d i m e n t a t i o n  r a t e s  a f t e r  Y - i r r a d i a t i o n .  T ab le  (4.3) d e m o n s t r a te s  
t h a t  i r r a d i a t i o n  w i t h  15k r a d s  o f  Y - r a y s  r e d u c e s  t h e  r e l a t i v e  
s e d im e n ta t io n  r a t e  t o  0.36. 30 m in u te s  p o s t - i r r a d i a t i o n  in c u b a t io n
o f  t h e s e  c e l l s  r e s u l t s  i n  t h e  p a r t i a l  r e s t o r a t i o n  o f  t h e  r e l a t i v e  
s e d i m e n t a t i o n  r a t e  t o  0.8. S ince  th e  in d u c t io n  o f  DNA s t r a n d - b r e a k s  
by  Y - r a d i a t i o n ,  i n  c o n t r a s t  t o  DMS, i s  a  p h y s i c a l  e v en t  ( independen t 
o f  e n z y m a t ic  f o r m a t io n  o f  b reak s )  t h e  maximum number o f  b re a k s  a r e  
p r e s e n t  im m e d ia te ly  a f t e r  i r r a d i a t i o n .  T h e r e f o r e ,  t h e  i n c r e a s e  i n  
t h e  r e l a t i v e  s e d i m e n t a t i o n  r a t e  d u r i n g  t h e  p o s t - i n c u b a t i o n  p e r i o d  
d o e s  i n  f a c t  i n d i c a t e  t h e  r e p a i r  an d  r e m o v a l  o f  DNA s t r a n d - b r e a k s .  
The r e t a r d a t i o n  o f  t h e  i n c r e a s e  i n  t h e  s e d i m e n t a t i o n  r a t e  i n  t h e  
p r e s e n c e  o f  3 AAB d u r i n g  t h e  p o s t - i n c u b a t i o n  p e r i o d  c l e a r l y  
d e m o n s t r a t e s  t h e  in v o lv em en t  o f  A D PR-transf e r a s e  i n  th e  r e p a i r  o f  t h e  
Y - in d u c e d  DNA s t r a n d - b r e a k s  i n  T .b ru ce i .
1 1 0
I t  h a s  b e e n  show n t h a t ,  i n  m am m alian  c e l l s ,  n u c l e a r  ADPR- 
t r a n s f  e r a s e  a c t i v i t y  i s  s t i m u l a t e d  by i o n i s i n g  r a d i a t i o n  and a  range  
o f  o t h e r  a g e n t s ,  w h ic h  b r i n g  a b o u t  DNA s t r a n d  b r e a k a g e  e i t h e r  
d i r e c t l y  o r  a s  a  r e s u l t  o f  r e p a i r  p r o c e s s e s  (For a  rev iew  s e e  S h a l l ,  
1 9 8 4 ) .  H o w e v e r ,  o n l y  i n  some c a s e s  h a s  t h e  r e q u i r e m e n t  o f  ADP- 
r i b o s y l a t i o n  f o r  t h e  su b se q u en t r e p a i r  o f  t h e  DNA s t r a n d - b r e a k s  been 
d i r e c t l y  d e m o n s t r a t e d .  F o r  i n s t a n c e ,  s h a l l  and h i s  cow orkers  have 
r e p o r t e d  t h a t  t h e  A D P R -transfe rase  i n h i b i t o r  3AB b lo c k s  t h e  r e p a i r  o f  
DNA s t r a n d - b r e a k s  induced  by t h e  m o n o fu n c t io n a l  a l k y l a t i n g  agen t DMS 
(D u rk a c z  e t  a l . ,  1 9 8 0 ) .  They h a v e  a l s o  d e m o n s t r a t e d  t h a t  t h e  
r e g u l a t i o n  o f  DNA l i g a s e  a c t i v i t y  by A D P -r ib o sy la t io n  o f  t h e  enzyme 
may be  t h e  mechanism in v o lv e d  (C re is s e n  & S h a l l ,  1982). However t h e  
sam e  g r o u p ,  a n d  o t h e r s ,  h a v e  r e p o r t e d  t h a t  w i t h  i o n i s i n g  r a d i a t i o n  
A D P R -tra n sfe ra se  i n h i b i t o r s  have o n ly  a  s m a l l  e f f e c t  on DNA s t r a n d -  
b r e a k  r e p a i r  o r  c e l l  s u r v i v a l  (Nduka e t  a l . ,  1980 ; J a m e s  & Lehman, 
1982 and Durkacz e t  a l . ,  1981). There i s  some e v id en ce  t h a t  a l th o u g h  
t h e  f i n a l  e x t e n t  o f  r e p a i r  i s  u n a f f e c t e d  t h e  i n h i b i t o r s  o f  ADPR- 
t r a n s f  e r a s e  in c lu d in g  3AB may slow  th e  r e s e a l i n g  o f  X -ray  induced DNA 
s t r a n d - b r e a k s  (Z w e ll in g  e t  a l . ,  1982).
A r o l e  f o r  A D P -r ib o sy la t io n  i n  t h e  r a d i a t i o n  re sp o n se  o f  c e l l s  
w as i n d i c a t e d  by  a  r e p o r t  t h a t  A D P R - t r a n s f e r a s e  a c t i v i t y  i s  o n ly  
w e a k ly  s t i m u l a t e d  by  r a d i a t i o n  i n  A t a x i a  t e l a n g i e c t a s i a  c e l l s  
com pared  w i th  t h e  l e v e l  o f  s t i m u a l t i o n  ob se rv ed  in  c e l l s  from norm al 
i n d i v i d u a l s  w h ic h  a r e  much m ore  r a d i a t i o n  r e s i s t a n t  (E dw ards  & 
T a y l o r ,  1 9 8 0 ) .  T h i s  o b s e r v a t i o n  s u g g e s t e d  t h a t  i n h i b i t i o n  o f  DNA 
s y n t h e s i s  i n  r e s p o n s e  t o  DNA d a m a g e  w a s  d e p e n d e n t  o n  ADP- 
r i b o s y l a t i o n .  H o w e v e r ,  t h e  i n v o lv e m e n t  o f  A D P -r ib o sy la t io n  in  t h e  
DNA s y n t h e s i s  i n h i b i t i o n  re sp o n s e  was n o t  c o n f irm ed  by Jam es & Lehman 
(1982), who found t h a t  t h e  A DPR-transf e r a s e  i n h i b i t o r  3AB had l i t t l e
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e f f e c t  on t h e  i n h i b i t i o n  o f  DNA s y n t h e s i s  by Y - i r r a d i a t i o n .
I n  c o n c l u s i o n  t h e  s t u d i e s  c a r r i e d  o u t  i n  T .b r u c e i  w h ic h  a r e  i n  
a g r e e m e n t  w i t h  t h e  p u b l i s h e d  d a t a  i n  o t h e r  o r g a n i s m s  an d  c e l l s ,  
d e m o n s t r a te  t h e  a c t i v a t i o n  o f  ADPR-transf e r a s e  in  c e l l s  t r e a t e d  w ith  
e i t h e r  DMS o r  Y - r a d i a t i o n .  T h i s  i n c r e a s e d  a c t i v i t y  r e s u l t s  i n  a 
d r o p  i n  c e l l u l a r  NAD ( t h e  s p e c i f i c  enzym e s u b s t r a t e ) .  The d r o p  i n  
c e l l u l a r  NAD l e v e l  i s  b lo c k e d  by  t h e  i n h i b i t i o n  o f  t h e  enzym e w i t h  
th e  c o m p e t i t i v e  i n h i b i t o r s ,  3AB and 3AAB. The i n h i b i t i o n  o f  enzyme 
a c t i v i t y  a l s o  b l o c k s  t h e  r e p a i r  o f  b o t h  DMS an d  Y - i n d u c e d  DNA 
s t r a n d - b r e a k s .  Based on t h e  e f f e c t  o f  t h e  i n h i b i t o r s  on t h e  r e p a i r  
o f  Y - in d u c e d  b r e a k s ,  t h e  r e q u ire m e n t  f o r  A DPR-transf e r a s e  a c t i v i t y  
a p p e a r s  t o  b e  a t  t h e  r e p a i r  and  l i g a t i o n  s t e p s ,  r a t h e r  t h a n  s t r a n d -  
break  f o r m a t io n  component o f  t h e  r e p a i r  p r o c e s s e s .
Note added in  p rep ara tion
B eca u se  t h e s e  e x p e r im e n ts  w ere o n ly  c a r r ie d  o u t t w i c e ,  th e  
r e s u lt s  need t o  be c a u t io u s ly  in terp era ted .
CHAPTER FIVE
In v it r o  C u ltiv a tio n  o f  Trypanosoma b r u c e i.b r u c e i
R e su lts  and D iscu ssion
5.1 Introduction
The developm ent o f  in  v i t r o  cu ltu re  sy stem s has h igh  p r io r it y  in  
try p an osom iasis  research . Progress ach ieved  w ith  A frican  and South 
American trypanosom es opens new p o s s i b i l i t i e s  fo r  v ariou s s tu d ie s  in  
v it r o  under c o n tr o lle d  c o n d itio n s .
The f i e l d  o f  a p p lic a t io n  i s  wide such as  s tu d ie s  o f  m etabolism  
and e s t a b l i s h m e n t  o f  th e  n u t r i t i o n a l  r e q u ir e m e n ts ,  s c r e e n in g  o f  
compounds t o  f in d  new th era p eu tic  drugs, production  o f  a n tig en s  fo r  
s e r o d ia g n o s i s ,  s tu d y  o f  d i f f e r e n t i a t i o n  p r o c e s s e s  w hich  c o u ld  be  
a n o th e r  m ethod o f  c o n t r o l  by b lo c k in g  d if f e r e n t ia t io n  s te p s  in  th e  
p a r a s i t e ' s  l i f e  c y c l e  and r ep la cem en t o f  th e  u s e  o f  la b o r a to r y  
a n im a ls , or a t  l e a s t  a red u ction  in  th e ir  number.
S i g n i f i c a n t  p r o g r e s s  in  th e  in  v i t r o  c u l t i v a t i o n  o f  A fr ic a n  
trypanosom es has been made during the la s t  ten  y ea rs . Most research  
a c t iv i t y  has been con cen trated  on th e  s p e c ie s  T .brucei co n ta in in g  th e  
human p a th o g e n ic  s u b s p e c ie s  T .b .r h o d e s ie n se  and T.b.gambiense. But 
work h a s  a l s o  e n a b le d  th e  d evelop m en t o f  c u l t u r e  s y s te m s  fo r  th e  
a n im a l i n f e c t i v e  s u b s p e c ie s  T .b .b r u c e i, a s  w e ll  a s T .congolense and 
T .vivax. Today most o f  th e  p a r a s ite  s ta g e s  in  th e  l i f e  c y c le  o f  the  
ab ove m e n tio n e d  tryp an osom e s p e c i e s  can be c u l t i v a t e d  in  v i t r o . 
H ow ever, w ith  fe w  e x c e p t io n s ,  th e  c u l t u r e  s y s te m s  a r e  s t i l l  
in e f f i c i e n t  in  producing la r g e  numbers o f  p a r a s it e s .  That i s ,  they  
r a r e ly  e x c e e d  a c e l l  d e n s i t y  g r e a te r  than  10% o f  th a t  found in  th e  
l i v e  an im al w ith  a fu lm inant in fe c t io n .
In  t h i s  s t u d y  i n  v i t r o  c u l t i v a t i o n  o f  t h e  b lo o d s t re a m  form s o f  
a n i m a l  i n f e c t i v e  s u b s p e c i e s  T .b .b r u c e i  h e r e  a f t e r  r e f e r r e d  t o  a s  
T .b r u c e i , ( s t r a i n  MITat 1.1) was a t te m p te d  under 40 d i f f e r e n t  c u l t u r e  
c o n d i t i o n s  (2 d i f f e r e n t  m edia, 5 d i f f e r e n t  s e r a  and  i n  th e  p re se n c e  
o r  a b sen ce  o f  4 d i f f e r e n t  f e e d e r  c e l l s ) .
5.2 Results
5 . 2 . 1  In  v i t r o  c u l t i v a t i o n  o f  B loodstream  Forms o f  T .b r u c e i
The e x p e r i m e n t s  w e re  c a r r i e d  o u t  i n  T -25  f l a s k s  w i t h  10 m l o f  
c u l t u r e  m edium  p e r  f l a s k .  I n c u b a t i o n  b e g a n  w i t h  an  i n i t i a l  
c o n c e n t r a t i o n  o f  1 x1 0 ^ f r e s h l y  i s o l a t e d  t r y p a n o s o m e s / m l  o f  c u l t u r e  
medium i n  t h e  p re se n c e  o r  ab sen ce  o f  f e e d e r  c e l l s .  The c u l t u r e s  w ere  
i n c u b a t e d  a t  37°C i n  a n  a t m o s p h e r e  o f  5% C02  a n d  95% a i r .  I n  t h e  
a b s e n c e  o f  f e e d e r  c e l l s  t r y p a n o s o m e s  becom e s l u g g i s h  a n d  d i d  n o t  
i n c r e a s e  i n  n u m b e r .  A l l  o r g a n i s m s  w e re  d ead  a f t e r  48 h o u r s  o f  
c u l t u r e .  I n  c o n t r a s t ,  t h e  t r y p a n o s o m e s  i n  many f l a s k s  c o n t a i n i n g  
f e e d e r  c e l l s  in c re a s e d  i n  number and  w ere s t i l l  v e ry  m o t i l e  a f t e r  24 
h o u rs  o f  c u l t u r e .  The b e s t  c u l t u r e  medium which s u p p o r te d  th e  long  
t e r m  g r o w t h  o f  b l o o d s t r e a m  f o r m s  o f  T . b r u c e i  w as fo u n d  t o  b e  DMEM 
s u p p l e m e n t e d  w i t h  p e n i c i l i n ,  s t r e p t o m y c i n ,  g lu ta m in e ,  g lu c o s e  ( s e e  
m a t e r i a l s  3 .1 .9b )  a n d  10% (V/V) f r e s h l y  p r e p a r e d  r a b b i t  s e ru m  ( s e e  
m e th o d s  3 .2 .1 .2 ) .  The f e e d e r  c e l l s  w h ic h  b e s t  s u p p o r t e d  t h e  g r o w t h  
o f  t h e s e  o rg a n ism s  w ere  found t o  b e  F is h e r  r a t  em bryonic f i b r o b l a s t s  
( s e e  m a t e r i a l s  3.1.8d). For a  summary o f  r e s u l t s  s ee  t a b l e s  (5.1 and 
5.2). The optimum age o f  t h e  f e e d e r  c e l l s  was found t o  be  b e tw ee n  24 
a n d  48 h o u r s  ( n e a r  c o n f l u e n t  c u l t u r e s ) .  I t  seem s  t h a t  a t  l e a s t  24 
h o u r s  w as  r e q u i r e d  by  t h e  f e e d e r  c e l l s  t o  o v e rco m e  t h e  e f f e c t  o f  
t r y p s i n i s a t i o n .  I t  was a l s o  a p p a ra n t  t h a t  th e  F is h e r  r a t  em bryonic  
f i b r o b l a s t  c e l l s  w e r e  m o s t  e f f e c t i v e  w hen  j u s t  c o n f l u e n t .  
C o m m e r c i a l l y  a v a i l a b l e  r a b b i t  s e r a  d i d  n o t  s u p p o r t  g r o w t h  o f  
b lo o d s t r e a m  fo rm s o f  T .b ru c e i  i n  t h e s e  c u l t u r e  sy stem s.  The r e a s o n  
f o r  t h i s  r e m a in s  unknown.
When p a r a s i t e s  w ere in n o c u la te d  i n t o  j u s t  c o n f lu e n t  F i s h e r  r a t  
e m b r y o n i c  f i b r o b l a s t  c u l t u r e s ,  g r o w t h  o f  t h e  t r y p a n o s o m e s  b e g a n
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Table 5.1 Determination of optinal conditions for the growth of T.brucei bloodstream forms in medium RPMI 1640.
RPMI 1640 
+
s e r a
FEEDER CELLS
BHK 21 Rat s p in a l  cord c e l l s Rat muscle f i b r o b l a s t s F ish e r  r a t  f i b r o b l a s t s




















6X104 10X104 10X104 12X104 5X104 6X104 10X104 13X104 4X104 8X104 10X104 10X104 6X104 12X104 12X104 14X104
H.S = Horse Serum C.S = C alf Serum F.C.S = F eta l C alf Serum
F.R.S = Freshly prepared Rabbit Serum C.R.S = Coimiercial Rabbit Serum
Table 5.1
C u l t u r e s  w ere  i n i t i a t e d  in  T-25 f l a s k s .  2 -4  days o ld  n e a r - c o n f lu e n t  
f e e d e r  c e l l  c u l t u r e s  w ere  used. Each c u l t u r e  was in n o c u la te d  w ith  
1x10^ f r e s h l y  i s o l a t e d  t ry p an o so m es /m l o f  RPMI 1640 medium. T h is  
c u l t u r e  m edium  w as  s u p p l e m e n t e d  w i t h  10% (V/V) o f  o n e  o f  s e v e r a l  
d i f f e r e n t  s e r a :  h o r s e ,  c a l f ,  f e t a l  c a l f ,  c o m m e r c i a l  r a b b i t  a n d  
f r e s h l y  p re p a re d  r a b b i t  serum  t o g e th e r  w i th  t h e  components o u t l i n e d  
i n  t h e  m a t e r i a l s .  T he  c u l t u r e s  w e re  i n c u b a t e d  i n  a  h u m i d i f i e d  
in c u b a to r  a t  37°C in  5% C02  and 95% a i r  and th e  trypanosom e d e n s i t y  
was e s t i m a t e d  d a i l y  by u s in g  p h ase  c o n t r a s t  m icroscopy , and a c t i v e  
m o b i le  trypanosom es w ere co u n ted  u s in g  a  haem ocytom eter.
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BHK 21 Rat sp in a l cord c e l l s Rat m uscle f ib r o b la s t s F ish er r a t f ib r o b la s t s




















6X104 10X104 10X104 12X104 5X104 6X104 10X104 13X104 4X104 8X104 10X104 10X104 6X104 12X104 12X104 14X104
H.S = Horse Serum C.S = C a lf Serum F.C .S = F e ta l C a lf Serum
F.R .S = F resh ly  Prepared Rabbit serum C.R.S = Commercial Rabbit Serum
Table 5.1
C u ltu re s  were i n i t i a t e d  in  T-25 f la s k s .  2-4 days o ld  n e a r -c o n f lu e n t  
feed e r  c e l l  c u l tu re s  were used. Each c u l tu r e  was in n o c u la te d  with 
1x10^ f r e s h ly  i s o la t e d  trypanosom es/m l o f  RPMI 1640 medium. This 
c u l t u r e  medium was s u p p le m e n te d  w i th  10% (V/V) o f  one o f  s e v e r a l  
d i f f e r e n t  s e r a :  h o r s e ,  c a l f ,  f e t a l  c a l f ,  c o m m e rc ia l  r a b b i t  and 
f r e s h ly  prepared  r a b b i t  serum to g e th e r  w ith  th e  components o u t l in e d  
i n  t h e  m a t e r i a l s .  The c u l t u r e s  w ere  i n c u b a t e d  i n  a h u m i d i f i e d  
incu b a to r  a t  37°C in  5% CC>2 and 95% a i r  and th e  trypanosome d en s i ty  
was e s t im a te d  d a i ly  by u s ing  phase c o n t r a s t  m icroscopy, and a c t iv e  
m obile  trypanosomes were counted u s in g  a haemocytometer.
Table 5.2
C u l tu r e s  w ere  i n i t i a t e d  i n  T-25 f l a s k s .  2 -4  days o ld  n e a r - c o n f l u e n t  
f e e d e r  c e l l  c u l t u r e s  w ere  used .  Each c u l t u r e  was in n o c u la te d  w i th  
1x10^ f r e s h l y  i s o l a t e d  t ry p a n o s o m e s /m l  o f  DMEM medium. T h is  c u l t u r e  
medium was supp lem en ted  w i th  10% (V/V) o f  one o f  s e v e r a l  d i f f e r e n t  
s e r a :  h o r s e ,  c a l f ,  f e t a l  c a l f ,  c o m m e r c i a l  r a b b i t  an d  f r e s h l y  
p r e p a r e d  r a b b i t  serum t o g e t h e r  w i th  t h e  components o u t l i n e d  i n  th e  
m a t e r i a l s .  The c u l t u r e s  w ere  in c u b a te d  i n  a  h u m id i f ie d  in c u b a to r  a t  
37°C in  5% CC>2 and 95% a i r  and t h e  trypanosom e d e n s i t y  was e s t i m a t e d  
d a i l y  b y  u s i n g  p h a s e  c o n t r a s t  m i c r o s c o p y ,  and  a c t i v e  m o b i l e  
t ry p an o so m es  were co u n ted  u s in g  a  haem ocy tom eter .





EHK 21 Rat qainal oxd cells Rat muscle fibroblasts Fisher rat fibroblasts




















8X104 3.6X105 5.8X104 9.2X105 6X104 iz a o 5 7.1X10^ L1X106 7X104 Z9X106 6.5X105 a4xio5 8X104 4 a a o 5 6MX105 1.4xl06
H.S = Hxse Serum C.S = calf arum F.C.S = fetal ca lf arum
F.RJS = Freshly Etepared Rabbit Serum C.R.S = annercial Rabbit arum
Table 5.2 Detenraraticn of qptirral ocnditicns fix the grcvth cf T.brucei bloodstream irons in nediun EMEM.
DMEM EHgROTfS
+
sera EHK 21 Rat qoinal cord cells Rat muscle fibroblasts Fisher ra t fibroblasts




















8X104 3.6X105 s& ao4 9.2X105 6X104 3.2X105 7.1X105 L1X106 7X104 2.9X105 6.5X105 &4X105 8X104 4.3CL05 e^xio5 L4xio6
H.S = Hxse Serun C.S = C&lf Serum 
F.RJS = Efeehly Prepared Rabbit 9erum
F.C.S = Fetal c a lf Serum 
C.R.S = Orrrnercial Rabbit Serun
r a p id l y .  In  such c u l t u r e s ,  t h e  trypanosom es m u l t i p l i e d  e x p o n e n t i a l ly  
w i th  a  dou b lin g  t im e  o f  6 -7  h o u rs .  T h is  d o u b lin g  t im e  i s  s i m i l a r  t o  
t h a t  s e e n  _in v i v o . The p a r a s i t e s  m u l t i p l i e d  t o  a  d e n s i t y  o f  
a p p ro x im a te ly  1-2x10^ t ry p a n o s o m e s /m l o f  c u l t u r e  medium ( F ig .  5 .1 ) .  
T h is  maximum c e l l  y i e l d  i s  com parab le  t o  o th e r  c u l t u r e  sy s te m s  w i th  a  
number o f  o th e r  e s t a b l i s h e d  c e l l  l i n e s  (Brun e t  a l . ,  1981a and 1984). 
The p a r a s i t e  numbers d e c re a se d  e x p o n e n t i a l ly  a f t e r  t h i s  d e n s i t y  was 
re a c h e d  (Fig. 5.1). I n  such  c u l t u r e s  n u m e ro u s  d i v i d i n g  f o r m s  c o u l d  
b e  m a in ta in e d  f o r  more th a n  3 days w ith o u t  chang ing  th e  medium. In  
t h e s e  c u l t u r e s ,  th e  trypanosom es grew a s  t y p i c a l  long s l e n d e r  fo rm s. 
M o st  o f  them  w e re  f r e e  i n  t h e  c u l t u r e  s u p e r n a t a n t  w h i l e  a  fe w  w e re  
a s s o c i a t e d  w i th  t h e  f e e d e r  l a y e r .  In  c u l t u r e s  where p a r a s i t e  numbers 
w ere  d im in is h in g  fo l lo w in g  a  p e r io d  o f  maximum g ro w th ,  t h e  morphology 
o f  t h e  trypanosom es was m arked ly  a l t e r e d ;  i n  p a r t i c u l a r  th e y  became 
v e ry  much sh o r te n e d .  A tte m p ts  w ere  made t o  s u b c u l tu r e  th e s e  c u l t u r e d  
trypanosom es a t  d i f f e r e n t  s t a g e s  o f  t h e  g ro w th  p e r i o d .  S u c c e s s f u l  
p a s s a g e s  were u s u a l l y  o b ta in e d  a t  48 hour i n t e r v a l s  from th e  p r e v io u s
c
c u ltu r e s  which con ta in ed  p red om in an tly  lo n g  s le n d e r  fo rm s ( 2 - 3 x 1 0 J 
trypanosom es/m l o f  c u ltu r e  medium). The su b c u lt iv a t io n s  were made by 
in n o c u la t io n  o f  f r e s h ,  n e a r ly  c o n f lu e n t  f e e d e r  c e l l s  w ith  1 x 1 0 ^ 
trypanosom es/m l o f  c u ltu r e  medium. Organisms subcultured  in  t h i s  way 
g e n e r a l ly  m u l t ip l i e d  2 - 4  f o ld  d u r in g  24 h o u rs . In su ch  c u l t u r e s ,  
most o f  th e  organism s were very m o tile  long s len d er form s. Numerous 
d iv id in g  forms were a ls o  p resen t. Organisms in  su b cu ltu res  prepared  
from  th e  innocu lum  in  w h ich  lo n g  s le n d e r  form s w ere n o t d e t e c t e d  
( la t e  lo g  phase) gra d u a lly  d ied  o u t , in d ic a tin g  th a t t h i s  shortened  
form  o f  lo n g  s le n d e r  tr y p a n o so m e s  was i r r e v e r s i b l y  s e n e s e n t  under  
t h i s  c u ltu r e  co n d itio n . S u b c u ltiv a tio n  was s u c c e s s fu l ly  c a r r ie d  on 



















60 2 3 41 5 7 8
Time in  cu ltu re  (days)
F ig .  5 .1
G ro w th  c u r v e  o f  T . b r u c e i  a t  37°C. G row th  o f  T . b r u c e i  ( s t r a i n  M ITat 
1 .1) b l o o d s t r e a m  fo rm s  a t  37°C i n  T -25  f l a s k s  w i t h  f e e d e r  c e l l s  
(F is h e r  r a t  em bryonic  f i b r o b l a s t s )  i n  10 ml DMEM to g e th e r  w i th  t h e  
c o m p o n e n ts  o u t l i n e d  i n  m a t e r i a l s  an d  s u p p le m e n te d  w i t h  10% (V/V) 
f r e s h l y  p r e p a r e d  and  h e a t  i n a c t i v a t e d  r a b b i t  serum. The c u l t u r e s  
w e re  i n i t i a t e d  w i t h  1 x 1 0 ^ f r e s h l y  i s o l a t e d  b l o o d s t r e a m  f o r m s .  
T ry p a n o so m e  m o t i l i t y  was m o n i to r e d  d a i l y  u s i n g  p h a s e  c o n t r a s t  
m i c r o s c o p y .  E ach  p o i n t  i s  t h e  mean o f  a t  l e a s t  6  i n d e p e n d e n t  
e x p e r im e n ts  i n  each  o f  which trypanosom es were coun ted  in  d u p l i c a t e s ,  
t h e  b a r s  i n d i c a t e  t h e  s ta n d a rd  e r r o r  o f  t h e  mean.
121
p o p u l a t i o n  d o u b l i n g s .  F i g s .  ( 5 .2 ,  a , b , c  an d  d) show t y p i c a l  g r o w th  
p a t t e r n s  o f  one s u c h  c u l t u r e .  T h e s e  g ro w th  p a t t e r n s  v a r i e d  
c o n s i d e r a b l y  a t  4 d i f f e r e n t  p a s s a g e s  d e p e n d in g  on t h e  p r e d o m i n a n t  
f o r m s  o f  t h e  t r y p a n o s o m e s ,  t h e  h i g h e r  t h e  f r a c t i o n  o f  t h e  s l e n d e r  
f o rm  t r y p a n o s o m e s  t h e  b e t t e r  w as t h e i r  s u r v i v a l  a n d  g ro w th  i n  
c u l t u r e .  In  (3 t o  4 days) c u l t u r e s  t h e r e  was an  in c r e a s in g  f r a c t i o n  
o f  t h e  s tu m p y - l o o k in g  t r y p a n o s o m e s  w h ic h  d i d  n o t  grow  w e l l  when 
s u b s e q u e n t l y  s u b c u l t u r e d .  I n  t h e  e a r l y  l o g a r i t h m i c a l l y  g r o w in g  
c u l t u r e s  th e  trypanosom es w ere m o rp h o lo g ic a l ly  i d e n t i c a l  t o  th o s e  o f  
t h e  lo n g  s l e n d e r  fo rm s  o f  T . b r u c e i  i n  t h e  b l o o d s t r e a m  i n  v iv o  an d  
r e t a i n e d  t h e i r  i n f e c t i v i t y  f o r  r a t s  when t e s t e d  a f t e r  20,40,60 and 90 
days  o f  c u l tu r e .
B a ltz  e t  a l .  (1985) rep orted  th e  developm ent o f  a sem i-d e fin ed  
medium for  th e  c u lt iv a t io n  o f  b loodstream  forms o f  T .brucei w ithout  
u s in g  a fe e d e r  la y e r .  I n c lu s io n  o f  0 .25  mM m e r c a p to e th a n o l was 
r e p o r te d  t o  be c r u c ia l .  A tte m p ts  t o  em ploy t h i s  in  v i t r o  c u l t u r e  
system  to  study growth and d if f e r e n t ia t io n  o f  bloodstream  forms o f  
T .brucei w ithout the in te r fe r e n c e  o f  feed er  c e l l s  f a i l e d  although th e  
exp er im en ta l procedure was fo llo w e d  e x a c t ly  a s  reported. S ince th e  
p u b l ic a t i o n  o f  th e  r e p o r t  by B a lt z  e t  a l .  in  1985 th e r e  h a s  been  no  
fu r th er  report o f  the _in v i t r o  c u lt iv a t io n  o f  T .brucei in  th e  absence  
o f  f e e d e r  c e l l s .  No o th e r  group  h a s y e t  r e p o r te d  th e  u s e  o f  t h i s  
s y s te m  fo r  th e  in  v i t r o  c u l t i v a t i o n  o f  T .b r u c e i in  th e  a b se n c e  o f  
fe e d e r  c e l l s .
A l l  fo u r  d i f f e r e n t  f e e d e r  c e l l s  i n  com bina tion  w ith  DMEM medium 
su p p lem en ted  w ith  10% (V/V) f r e s h l y  p r e p a re d  r a b b i t  serum a l lo w e d  t h e  
p r o p a g a t i o n  o f  t r y p a n o s o m e s .  The r e a s o n  t h a t  F is h e r  r a t  em bryonic 









60 6 03 4 5 31 2 541 2
Time in  c u l t u r e  (days)
F ig .  5 .2
G r o w t h  o f  s u b c u l t i v a t e d  b l o o d s t r e a m  f o r m s  o f  T . b r u c e i . 
S u b c u l t iv a t io n s  w ere c a r r i e d  o u t  u s u a l l y  a t  48 h o u rs  i n t e r v a l s  from 
t h e  p r e v i o u s  c u l t u r e s  w h ich  c o n t a i n e d  p r e d o m i n a n t l y  lo n g  s l e n d e r  
f o r m s  ( 2 - 3 x 1 0  t r y p a n o s o m e s / m l  o f  c u l t u r e  m e d iu m ) .  The 
s u b c u l t i v a t i o n s  w ere made by in n o c u la t io n  o f  f r e s h ,  n e a r ly  c o n f lu e n t  
f e e d e r  c e l l s  w i t h  1x10 t r y p a n o s o m e s / m l  o f  c u l t u r e  medium i n  T -25  
f l a s k s .
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a t t a c h e d  t o  T -25  f l a s k  f o r  m o re  t h a n  3 -4  d a y s ,  by t h i s  t i m e ,  t h e s e  
c e l l s  cam e o f f  and  t h e  lo n g  t e r m  s t u d y  o f  i n  v i t r o  g r o w th  an d  
s u r v i v a l  o f  trypanosom es was n o t  ach ieved .  Rat s p i n a l  co rd  c e l l s  and 
r a t  m u s c l e  f i b r o b l a s t s  w e re  n o t  fo u n d  t o  b e  s u i t a b l e  d u e  t o  t i m e  
c o n s u m in g  p r e p a r a t i o n  a n d  t h e  lo n g  c u l t u r e  t i m e  r e q u i r e d  f o r  
o b t a in in g  c o n f lu e n t  c u l t u r e s  o f  t h e s e  c e l l s  (about 2 weeks). F is h e r  
r a t  e m b ry o n ic  f i b r o b l a s t s  w e re  e a s y  t o  m a i n t a i n  a n d  w o u ld  r e a c h  
c o n f lu e n c e  w i th in  48 h o u rs  a f t e r  b e in g  s u b c u l tu r e d .  Mammalian f e e d e r  
l a y e r  c e l l s  h a v e  p r o v e n  t o  b e  e s s e n t i a l  f o r  t h e  c o n t i n u o u s  
c u l t i v a t i o n  o f  b l o o d s t r e a m  f o r m s  o f  T . b r u c e i  ( H i l l  e t  a l . ,  1 9 7 8 a ,b ;  
H i ru m i  e t  a l . ,  1977a and  T a n n e r ,  1980) .  A c l o s e  t r y p a n o s o m e / f e e d e r  
c e l l s  a s s o c i a t i o n  i s  a l s o  r e q u i r e d ;  t h i s  was in d i c a t e d  by t h e  la c k  o f  
g r o w th  s t i m u l a t i o n  by  c o n d i t i o n e d  m edium  i n  t h e  a b s e n c e  o f  f e e d e r  
c e l l s .  T h is  f in d in g  s u p p o r t s  t h e  i n v e s t i g a t i o n  o f  Brun e t  a l . ,  1981a 
a n d  a l s o  T a n n e r ,  1980 , who s t u d i e d  e x t e n s i v e l y  t h e  m e ch an ism  o f  
g row th  s u p p o r t  o f  b lo o d s tre a m  form s o f  T .b ru ce i  by bov ine  f i b r o b l a s t ­
l i k e  c e l l s .  T a n n e r  f o u n d  t h a t  a  s h o r t - r a n g e  i n t e r a c t i o n  b e tw e e n  
t r y p a n o s o m e s  and  f i b r o b l a s t s  i s  o b l i g a t o r y  an d  t h a t  g ro w th  o f  t h e  
b l o o d s t r e a m  fo rm s  c e a s e d  w h e n e v e r  t h e  trypanosom es  were s e p a r a t e d  
from  t h e  f e e d e r  l a y e r  c e l l s .  At p r e s e n t ,  t h e  mechanism by which t h e  




The c u l t u r e  c o n d i t i o n s  d e s c r ib e d  h e r e ,  DMEM sim plem ented  w i th  
p e n i c i l i n  ( 2 0 0 . I .U . /1 ) ,  s t r e p t o m y c i n  (200  j j g / 1 )  g l u t a m i n e  (10 mM), 
g l u c o s e  (1% W/V) a n d  10% (V/V) f r e s h l y  p r e p a r e d  r a b b i t  s e ru m  ( s e e  
methods 3.2.1.2) in  t h e  p r e s e n c e  o f  F i s h e r  r a t  em bryonic f i b r o b l a s t s  
( s e e  m a t e r i a l s  3 .1 .8d )  h a s  e n a b l e d  t h e  c o n t i n u o u s  c u l t i v a t i o n  o f  
T .b ru ce i  ( s t r a i n  MITat 1.1). Using t h i s  c u l t u r e  sy s tem  T .b ru ce i  co u ld  
be m a in ta in e d  i n  c u l t u r e  c o n t in u o u s ly  ( a t  l e a s t  t h r e e  months). T h is  
r e p r e s e n t s  a p p r o x i m a t e l y  150 p o p u l a t i o n  d o u b l i n g s ,  w i t h o u t  an y  
a p p a r e n t  l o s s  o f  v i a b i l i t y .  T h e s e  t r y p a n o s o m e s  r e t a i n e d  t h e i r  
i n f e c t i v i t y  f o r  r a t s  when t e s t e d  a f t e r  2 0 ,4 0 ,6 0  an d  90 d a y s  o f  
c u l t u r e .
When grow ing  try p an o so m es  _in v i t r o , s p e c i a l  a t t e n t i o n  h as  t o  be 
p a i d  t o  r e t a i n i n g  t h e  p a r a s i t e ' s  n a t u r a l  c h a r a c t e r i s t i c s .  By 
s e l e c t i n g  f e e d e r  c e l l s  and serum  supplem ent from a  s u s c e p t i b l e  h o s t ,  
a  " n a t u r a l "  c u l t u r e  s y s t e m  c a n  b e  o b t a i n e d .  I n  s u c h  a c u l t u r e  
trypanosom es a r e  more l i k e l y  t o  grow and r e a c t  i n  a com parab le  way to  
t h a t  i n  t h e  v e r t e b r a t e  h o s t .  T h i s  i s  e s p e c i a l l y  i m p o r t a n t  f o r  i n  
v i t r o  s t u d i e s  o f  m e t a b o l i s m  an d  t h e  e f f e c t  o f  d r u g s .  The r e s u l t s  
r e p o r t e d  h e r e  d e m o n s t r a t e  t h a t  u n d e r  a p p r o p r i a t e  c o n d i t i o n s  t h e  
c u l t u r e d  t r y p a n o s o m e s  m a in ta in e d  t h e i r  b lo o d s t re a m  c h a r a c t e r i s t i c s .  
S e v e r a l  c o n d i t i o n s  w e re  t e s t e d  an d  among t h e s e  t h r e e  p a r a m e t e r s  
p roved  t o  be  o f  a  m a jo r  im p o rtan ce .  T h is  in c lu d e d  t h e  p re s e n c e  o f  a  
f e e d e r  l a y e r ,  t h e  ty p e  o f  c u l t u r e  medium and t h e  ty p e  o f  serum  used. 
The c o - c u l t i v a t i o n  o f  trypanosom es  and mammalian c e l l s  was found t o  
b e  e s s e n t i a l  f o r  t h e  i n  v i t r o  g r o w th  and  m a in t e n a n c e  o f  t h e  
b l o o d s t r e a m  f o r m s .  O p t i m a l  g r o w th  o f  t h e  b l o o d s t r e a m  fo rm  o f  
T . b r u c e i  u s e d  i n  t h i s  s t u d y  (M IT at 1 .1) was o b t a i n e d  i n  m edium
125
s u p p lem en ted  w i th  f r e s h l y  p re p a re d  r a b b i t  serum  which a l s o  gave th e  
b e s t  r e s u l t s  w i t h  a l l  t h e  f e e d e r  l a y e r s .  The n e e d  t o  u s e  f r e s h l y  
p r e p a r e d ,  a s  opposed t o  th e  c o m m e rc ia l ly  a v a i l a b l e ,  r a b b i t  serum  h as  
a l s o  been  s u g g e s te d  by Brun e t  a l .  (1981 ) .
Due t o  t h e  t r y p a n o s o m e 's  a b i l i t y  t o  a d a p t  t o  e n v i r o n m e n t a l  
( c u l t u r e )  c o n d i t i o n s ,  d u r i n g  t h e  i n  v i t r o  c u l t u r e  p a r a s i t e s  may be  
p r o d u c e d  w h ic h  p o s s e s  a  d i v e r g e n t  m e t a b o l i s m  a s  co m p ared  t o  t h e  
p a r a s i t e s  w hich  grow i n  t h e i r  n a t u r a l  h o s t s .  Long-term  m ain tenance  
o f  t r y p a n o s o m e s  i n  c u l t u r e  may a l s o  l e a d  t o  a l t e r e d  p a r a s i t e  
p o p u l a t i o n s  w h ic h  c a n  no  l o n g e r  be  c o n s i d e r e d  t o  r e p r e s e n t  t h e  
p a r a s i t e s  a s  t h e y  o c c u r  i n  t h e  f i e l d .  The c o n s t a n t  s e l e c t i o n  i n  
c u l t u r e  c a n  e a s i l y  change c h a r a c t e r i s t i c s  o f  t h e  p a r a s i t e  p o p u la t io n .  
T h e r e f o r e  i t  may p r o v e  i m p o r t a n t  f o r  m o s t  s t u d i e s  t o  u s e  r e c e n t l y  
e s t a b l i s h e d  c u l t u r e s .
Note added  i n  p ro o f
R e c e n t l y  a  new m o d i f i e d  _in v i t r o  s y s t e m  f o r  t h e  c u l t u r e  o f  
t r y p a n o s o m e s  i n  t h e  a b s e n c e  o f  f e e d e r  c e l l s  h a s  b een  r e p o r t e d  
(V o o rh e is ,  H.P, P e r s o n a l  com m unica tion).  T h is  sy s tem  a l s o  r e l i e s  on 
a d d i t i o n  o f  r e d u c i n g  a g e n t s  s u c h  a s  m e r c a p t o e t h a n o l ,  t o  a  s u i t a b l e  
c u l t u r e  m ed ium . H ow ever i t  was fo u n d  t h a t  t h e  a d d i t i o n  o f  t h e s e  
a g e n t s  i n d u c e  t h e  p r o d u c t i o n  o f  a  t o x i c  l e v e l  o f  h y d ro g e n  p e r o x i d e  
p r o b a b ly  th ro u g h  t h e  fo l lo w in g  ch em ica l  r e a c t io n :
To c ircu m ven t t h i s  t o x ic  e f f e c t  th e  a d d itio n  o f  c a ta la s e  was found to  




Suggestion for further work
I t  i s  im p o r ta n t t o  n o te  th a t  th e  v e r y  l a t e  s t a g e s  o f  th e  lo g  
grow th  o f  b lo o d s tr e a m  fo rm s o f  T .b r u c e i in  c u l t u r e  (a t  about 
l - 2 x l o V m l )  ap p ear t o  h a v e  a s h o r t-s tu m p y  m orphology. The s u b -  
cu ltu r in g  o f  th e s e  stumpy lo o k in g  try p a n o so m es in t o  f r e s h  c u l t u r e s  
does not r e s u lt  in  th e  resum ption o f  growth. They th e r e fo r e  appear 
t o  be n on -d iv id in g . T h is r i s e s  th e  p o s s i b i l i t y  th a t in  fa c t  th ey  may 
represent th e  sh ort-stu m p y s ta g e  o f  t r a n s it io n  from th e  bloodstream  
t o  p r o c y c l ic  d i f f e r e n t i a t i o n .  T h is  p o s s i b i l i t y  c o u ld  b e t e s t e d  by 
t h e  t r a n s f e r  o f  t h e  l a t e  lo g  p h a s e  t r y p a n o s o m e s  t o  t h e  
d i f f e r e n t i a t i o n  c u l t u r e  (SDM-79, p lu s  and m inus c i s - a c o n i t a t e  a t  
27°C) t o  d e te r m in e  i f  th e y  w ould  g e n e r a te  c u l t u r e s  o f  p r o c y c l i c  
try p a n o so m es. I f  t h i s  w ere  found  t o  be t r u e ,  i t  w ould  e n a b le  th e  
continuous c u ltu r e  o f  b loodstream  trypanosom es and th e ir  growth and 
d i f f e r e n t i a t i o n ,  th ro u g h  a l l  th e  s t a g e s  i d e n t i f i e d  in  th e  in  v iv o  
d if f e r e n t ia t io n ,  in to  th e  p r o c y c lic  form s. In a d d it io n , t h i s  would 
provide th e  p o s s i b i l i t y  o f  _in v i t r o  study o f  th e  short-stum py form s. 
T h is  ty p e  o f  i n v e s t i g a t i o n  h a s  h ith e r  t o  been  h in d ered  by th e  
d i f f i c u l t y  in  o b ta in in g  a la r g e  number o f  trypanosom es in  t h is  s ta g e  
o f  th e  l i f e  c y c le  from th e  in fe c te d  an im als.
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CHAPTER SIX
The Enhancement o f  c y t o t o x ic i t y  o f  DNA Damaging 
Agents by ADPR-transferase In h ib ito r s  
( I n  v i t r o  )
R esu lts  and D iscu ssio n
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6.1 Introduction
C o m p e t i t i v e  i n h i b i t o r s  o f  A D P R -tra n s f  e r a s e ,  and in  p a r t i c u l a r  
benzam ides, have been used  e x t e n s i v e ly  in  r e c e n t  y e a r s  a s  p ro b e s  t o  
e l u c i d a t e  th e  f u c t i o n  o f  poly(A D P-ribose) i n  t h e  c e l l .  The r e s u l t s  
o b ta in e d  have depended on t h e  n a t u r e  o f  th e  DNA damage in v o lv ed  and 
t h e  t e s t  c e l l  s y s t e m  u s e d .  S h a l l  a n d  h i s  c o - w o r k e r s  h a v e  
i n v e s t i g a t e d  t h e  e f f e c t  o f  A D P R - t r a n s f e r a s e  i n h i b i t o r s  on  t h e  
re sp o n s e  o f  L1 2 1 0  mouse leu k aem ic  ly m p h o b la s ts  t o  a l k y l a t i n g  a g e n t s  
a n d  i o n i s i n g  r a d i a t i o n .  F o r  a l k y l a t i n g  a g e n t s  s u c h  a s  d i m e t h y l  
s u l p h a t e  a n d  N - m e t h y l n i t r o s o u r e a ,  t r e a t m e n t  w i th  ADPR-transf e r a s e  
i n h i b i t o r s  such a s  5 - m e th y ln ic o t in a m id e  and  3 - a m in o b e n z a m id e  (3AB) 
w as shown t o  e n h a n c e  c e l l  k i l l i n g  and  i n h i b i t  DNA s t r a n d - b r e a k  
r e p a i r ,  b u t  t o  h a v e  l i t t l e  o r  no  e f f e c t  on  t h e  k i l l i n g  e f f e c t  o f  
i o n i s i n g  r a d i a t i o n  (D u rk a c z  e t  a l . ,  1980; Nduka e t  a l . ,  1980 and 
D u rk a c z  e t  a l . ,  1 9 8 1 a) .  T h e se  o b s e r v a t i o n s  w e re  s u b s e q u e n t l y  
c o n f i r m e d  by J a m e s  an d  Lehman (1982) u s i n g  c u l t u r e d  human s k i n  
f i b r o b l a s t s .  C re i s s e n  and S h a l l  (1982) s u g g e s te d  t h a t  i n h i b i t i o n  o f  
DNA s t r a n d - b r e a k  r e p a i r  induced  by i n h i b i t o r s  o f  A D P R -transferase  i s  
due t o  th e  re q u ire m e n t  o f  A D P -r ib o sy la t io n  f o r  t h e  s t i m u l a t i o n  o f  DNA 
l i g a s e  a c t i v i t y  a s s o c i a t e d  w i t h  r e p a i r .  H o w e v e r ,  i n  c o n t r a s t  t o  
t h e s e  r e p o r t s  ( l a c k  o f  e f f e c t  w i t h  i o n i s i n g  r a d i a t i o n )  Z w e l l i n g  e t  
a l .  (1982) h a v e  fo u n d  t h a t  5 - m e t h y l n i c o t  i n a m id e  a n d  3AB s lo w  t h e  
r e s e a l i n g  o f  X -ray  induced  DNA s t r a n d - b r e a k s  in  L1210 c e l l s .
However s t u d i e s  o f  th e  c y t o t o x i c i t y  o f  A D P R -tra n sfera se  
i n h i b i t o r s  have m a in ly  b een  c o n c e n tr a te d  on t h e  e f f e c t  o f  th e  
c o n t in u o u s  p r e s e n c e  o f  i n h i b i t o r s  in  agar (D urrant and B o y le , 1982 
and Nduka e t  a l . ,  1980) .  The s u r v iv a l  a s s a y  te c h n iq u e  was f i r s t  
d e v e lo p e d  by Puck e t  a l . ,  in  1956. L a ter  E lk in d  and W itm ore (1967) 
d e m o n str a te d  th a t  t h e  p r o p o r t io n  o f  c e l l s  s u r v iv in g  f o l lo w in g
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t r e a t m e n t  w i t h  i o n i s i n g  r a d i a t i o n  r e f l e c t s  t h e  d i s t r i b u t i o n  o f  t h e  
l e s i o n s  w h ic h  p r e v e n t  s i n g l e  c e l l s  f ro m  u n d e r g o in g  a  s u f f i c i e n t  
number o f  d i v i s i o n s ,  c e l l s  in c a p a b le  o f  r e p e t i t i v e  r e p r o d u c t io n  do 
n o t  fo rm  m a c r o s c o p i c  c o l o n i e s  a n d  a r e  t h u s  n o t  d e t e c t e d .  P l a t i n g  
e f f i c i e n c y  i s  u s e d  i n  t h i s  c a s e  t o  m e a s u re  t h e  e f f e c t  o f  ADPR- 
t r a n s f  e r a s e  i n h i b i t o r s  an d  t h e i r  a c i d  a n a l o g u e s  t o  e n h a n c e  t h e  
c y t o t o x i c i t y  o f  v a r i o u s  DNA d a m a g in g  a g e n t s .  I n  t h i s  s t u d y  t h e  
e f f e c t  o f  A D P R -tran sfe ra se  i n h i b i t o r s  3AB and 3AAB, t h e  e f f e c t  o f  DNA 
dam aging a g e n t s ,  DMS and Y - r a d i a t i o n ,  and a l s o  t h e  c y t o t o x i c i t y  o f  
t h e  i n h i b i t o r s  a lo n e  and in  c o m b in a t io n  w i th  th e  DNA dam aging a g e n t s  
on c u l t u r e d  T .b ru c e i  was i n v e s t i g a t e d .
6.2 Results
6 . 2 . 1  The E f f e c t  o f  A D P R -tran sfe ra se  I n h i b i t o r s  on t h e  S u rv iv a l  
and Growth o f  C u l tu r e d  T .b r u c e i
The e f f e c t  o f  c o n t in u o u s  p re se n c e  o f  th e  s p e c i f i c  i n h i b i t o r s  o f  
A D P R - t ra n s f  e r a s e  on  i n  v i t r o  g r o w th  a n d  s u r v i v a l  o f  T . b r u c e i  w as 
i n v e s t i g a t e d .  The c o m p e t i t i v e  i n h i b i t o r s  o f  A D P R - t r a n s f e r a s e  
a c t i v i t y ,  3AB and 3AAB w ere  used . The e x p e r im e n ts  were c a r r i e d  o u t  
i n  T-25 f l a s k s  i n  t h e  p r e s e n c e  o f  fe e d e r  c e l l s ,  F i s h e r  r a t  em bryonic 
f i b r o b l a s t s  ( s e e  m a t e r i a l s  3 .1 .8 d ) .  The c u l t u r e  medium w as DMEM 
t o g e t h e r  w i t h  t h e  c o m p o n e n t  o u t l i n e d  i n  m a t e r i a l s  ( s e e  m a t e r i a l s  
3 .1 .9 b ) .  T h i s  m edium  w a s  s u p p le m e n te d  w i t h  10% (V/V) f r e s h l y  
p r e p a r e d  and  h e a t  i n a c t i v a t e d  r a b b i t  s e ru m  ( s e e  m e th o d s  3 .2 .1 .2 ) .  
I n c u b a t i o n  b e g a n  w i t h  a n  i n i t i a l  c e l l  d e n s i t y  o f  l x l O 4  f r e s h l y  
i s o l a t e d  t r y p a n o s o m e s / m l  o f  c u l t u r e  medium ( 1 0  m l i n  e a c h  f l a s k ) .  
3AB a n d  3AAB w e re  a d d e d  t o  t h e  c u l t u r e s ,  t o  o b t a i n  t h e  i n d i c a t e d  
c o n c e n t r a t i o n s ,  a t  t h e  t i m e  o f  i n c u b a t i o n .  The c u l t u r e s  w e re  
in c u b a te d  a t  37°C i n  an a tm o sp h e re  o f  5% C02  and 95% a i r .
In  th e  c o n t in u o u s  p r e s e n c e  o f  3AB th e r e  i s  l i t t l e  d e t e c t a b le  
r e t a r d a t io n  o f  g ro w th  up t o  c o n c e n t r a t io n s  a s  h ig h  a s  5 mM, b u t a t  
10 mM th e r e  i s  c l e a r  e v id e n c e  o f  c y t o t o x i c i t y  a n d /o r  i n h ib i t i o n  o f  
grow th (F igs. 6.1 and 6.2). In th e  continuous p resen ce o f  3AAB up to  
200 /iM th e r e  i s  no d e te c ta b le  e f f e c t  on th e  growth o f  trypanosom es. 
H ow ever a t  500 /iM 3AAB t h e r e  i s  a s m a ll  b u t c l e a r  in h ib i t i o n  o f  
g r o w th . The c y t o t o x i c  e f f e c t  a n d /o r  i n h i b i t i o n  o f  grow th  i s  v ery  
much more pronounced a t  h ig h er  in h ib ito r  co n cen tra tio n s  (Fig. 6.3).
The aim  o f  t h i s  s tu d y  was t o  f in d  th e  h ig h e s t  in h ib i t o r  
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The e f f e c t  o f  3AB on c u l t u r e d  T .b ru ce i .  Trypanosomes w ere  c u l t u r e d  
a t  an  i n i t i a l  c e l l  d e n s i t y  o f  1x10^ t ry p an o so m es/m l.  3AB w as added 
t o  t h e  c u l t u r e s  a t  t h e  t i m e  o f  i n c u b a t i o n .  The n um ber  o f  v i a b l e  
try p a n o so m e s  w ere e s t i m a t e d  by  c o u n t in g  t h e  m o t i l e  o rg a n is m s  u s in g  a  
h a e m o c y to m e te r  a n d  p h a s e  c o n t r a s t  m ic ro s c o p y .  C o n tro l  c e l l s  ( • ) ,  
500 ( *  ) a n d  1 mM ( A ) 3AB. Each  p o i n t  i s  t h e  mean o f  a t  l e a s t  3
s e p a r a t e  e x p e r im e n ts  i n  each  o f  w hich trypanosom es w ere c o u n te d  in  
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The e f f e c t  o f  3AB on c u l t u r e d  T .b ru c e i . Trypanosomes w ere c u l tu r*  
w i th  an i n i t i a l  c e l l  d e n s i t y  o f  1x10^ try p an o so m es/m l.  3AB was adde 
t o  t h e  c u l t u r e s  a t  t h e  t i m e  o f  i n c u b a t i o n .  T he  num b er  o f  v ia b ]  
trypanosom es  w ere  e s t i m a t e d  by c o u n t in g  t h e  m o t i l e  o rg an ism s  u s in g  
h a e m o c y to m e te r  a n d  p h a s e  c o n t r a s t  m ic ro s c o p y .  C o n tro l  c e l l s  ( •  
2 mM 3AB ( A ) ,  5 mM 3AB ( *  ) a n d  10 mM 3AB ( O ). Each p o i n t  i s  t Y 
mean o f  a t  l e a s t  3 s e p a r a t e  ex p e r im e n ts  i n  eac h  o f  w hich trypanosome 
w ere  c o u n ted  i n  d u p l i c a t e s .  The e r r o r  b a r s  have  c n ly  been  shown fc 
t h e  10 mM 3AB c o n c e n t r a t i o n .
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F ig .  6 .3
The e f f e c t  o f  3AAB on c u ltu r e d  T .b ru ce i. Trypanosomes w ere c u ltu r e d  
a t  an i n i t i a l  c e l l  d e n s ity  o f  1x10^ try p a n o so m es/m l. 3AAB was added  
t o  t h e  c u l t u r e s  a t  t h e  t im e  o f  i n c u b a t io n .  The number o f  v i a b l e  
tryp anosom es w ere s t im a te d  by c o u n tin g  th e  m o t i le  organ ism s u s in g  a 
h a e m o c y to m e te r  and p h a se  c o n t r a s t  m ic r o s c o p y . C on trol c e l l s  ( •  ) ,  
100 J I M  ( * ) ,  200 ^iM ( A ) ,  500 ^uM ( * )  3AAB, 1 mM ( A ) ,  2 mM ( O )  and  
5 mM 3AAB ( ■ ) .  Each p o in t  i s  t h e  m ean o f  a t  l e a s t  3 s e p a r a t e  
e x p e r im en ts  in  each  o f  w hich tryp an osom es w ere counted  in  d u p lic a te s .  
The e r r o r  b a r s  h a v e  o n ly  b e e n  sh ow n  f o r  1 mM, 2 mM and 5 mM 
c o n c e n tr a t io n s  o f  3AAB.
o r d e r  t o  i n v e s t i g a t e  t h e  e n h a n c e m e n t  o f  c y t o t o x i c i t y  fo l lo w in g  DNA 
damage induced by DMS and Y - r a d i a t i o n .
6 . 2 .2  The Response o f  C ultured T .b ru ce i to  DMS and Y -r a d ia t io n
In  t h i s  s e c t i o n  t h e  e f f e c t  o f  c o n t in u o u s  in  v i t r o  t r e a t m e n t  o f  
T . b r u c e i  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  DMS and  a l s o  e x p o s u r e  t o  
v a r i o u s  d o s e s  o f  Y - r a d i a t i o n  w as  s t u d i e d .  DMS w as  made up  i n  50% 
e th a n o l /H 20 (V/V) and was im m e d ia te ly  added t o  t h e  c u l t u r e s  t o  o b ta in  
t h e  i n d i c a t e d  c o n c e n t r a t i o n s .  C o n tro l  c u l t u r e s  were t r e a t e d  w i th  th e  
h i g h e s t  v o lu m e  o f  t h e  50% e t h a n o l  ( f i n a l  e th a n o l  c o n c e n t r a t i o n  was 
0.25%). I r r a d i a t i o n  was p e r fo rm e d  a t  room te m p e ra tu re  i n  a  c o b a l t - 6 0  
s o u r c e  e m i t t i n g  a p p r o x i m a t e l y  0.5K r a d / m i n u t e .  Trypanosomes w ere 
exposed  t o  a p p ro x im a te ly  0.5K r a d ,  IK ra d ,  2.5K r a d ,  5K r a d ,  7.5K ra d  
a n d  10K r a d  o f  Y - r a d i a t i o n .  B o th  DMS an d  Y - r a d i a t i o n  t r e a t e d  
try p an o so m es  w ere c u l t u r e d  a t  an i n i t i a l  d e n s i t y  o f  lx lO 4  c e l l s / m l .
T rypanosom es in  a l l  c o n t r o l  c u l t u r e s  (u n tr e a te d )  in c r e a s e d  in  
number and m u lt ip lie d  e x p o n e n tia lly  w ith  a doubling tim e o f  6-7  hours 
(F ig . 6.4). Treatment o f  trypanosom es w ith  5 juM DMS a ls o  showed th e  
same growth ra te  a s  c o n tr o l c u ltu r e s . However when trypanosom es were 
t r e a t e d  w ith  10 p M  DMS t h e  g ro w th  w as r e ta r d e d  by a la g  p h a se  o f  
about 48 hours (F ig. 6.4). In c u ltu r e s  tr e a te d  w ith  20 u^M DMS, t h i s  
la g  p h a se  was even  la r g e r .  In  t h e s e  c u l t u r e s  th e  d e n s i t y  s lo w ly  
in c r e a s e d  t o  lx lO 5 c e l l s / m l  in  5 d a y s and lx lO 6 c e l l s / m l  a f t e r  10 
d a y s  o f  c u l t u r e  (F ig . 6 .4 ) .  30 ^iM DMS tr e a tm e n t  c a u se d  a d r a m a tic
r ed u c tio n  in  th e  c u ltu r e  d e n s ity  t o  approxim ately 200 c e l l s /m l  in  3 
d ays. However a sharp in c r e a se  in  th e  trypanosomes p op u la tion  was 
ob served  in  subsequent days w ith  a growth ra te  comparable t o  th a t in  
u n tr e a te d  c u l t u r e s .  A f t e r  10 d ays o f  c u l t u r e  a d e n s i t y  o f  l . l x l O 6 
c e l l s / m l  was ob ta in ed  (F ig . 6.4). In th e  50 p M  DMS tr e a te d  c u ltu r e s
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The e f f e c t  o f  c o n t in u o u s  DMS t r e a tm e n t  on t h e  s u r v i v a l  and g ro w th  o f  
T .b ru c e i . Trypanosomes w ere c u l tu r e d  a t  a n  i n i t i a l  c e l l  d e n s i t y  o f  
lx l 0 4 /m l .  DMS was added t o  c u l t u r e s  t o  t h e  f i n a l  c o n c e n t r a t io n s  o f  
5 jliM , 10 ^iM, 20 ;uM, 30 ;uM, an d  50 /iM. The num ber o f  v i a b l e  
trypanosom es  w ere  e s t im a te d  by c o u n t in g  t h e  m o t i l e  o rgan ism s u s in g  a 
haem ocy tom ete r  and  phase  c o n t r a s t  m ic r o s c o p y ,  c o n t r o l  c e l l s  ( O ) ,
5 jllM ( •  ) ,  10 / l M  ( *  ),  20 >1M ( A ),  30 >lM ( *  ) an d  50 ^M ( ■ )  DMS. 
Each p o i n t  i s  t h e  mean o f  a t  l e a s t  3 s e p a r a t e  e x p e r im e n ts  i n  each  o f  
w hich  try p an o so m es  w ere coun ted  in  d u p l i c a t e s .
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t h e r e  w ere no s u rv iv in g  try p an o so m es  ( < 1  i n  1 0  m is o f  c u l t u r e )  w i t h i n  
24 h o u r s  o f  t r e a t e m e n t .  D u r in g  t h e  f u r t h e r  i n c u b a t i o n  o f  t h e s e  
c u l t u r e s  f o r  up t o  7 d a y s  no  v i a b l e  t r y p a n o s o m e s  w e re  d e t e c t e d  
(F ig .  6 . 4 ) .
Exposure o f  trypanosom es t o  0.5K r a d  o f  Y - r a d i a t i o n  (F ig .  6.5) 
r e s u l t s  i n  re d u c t io n  o f  c e l l  d e n s i t y  by a p p ro x im a te ly  1 0 % (m easured  
a t  4 d a y s  p o s t - i r r a d i a t i o n ) .  H ow ever t h e  num ber o f  t r y p a n o s o m e s  
exposed  t o  IK r a d  o f  Y - r a d i a t i o n  d i d  n o t  in c r e a s e  f o r  t h e  f i r s t  24 
h o u rs  o f  c u l t u r e ,  a f t e r  which t h e  d e n s i t y  in c re a s e d  t o  a p p ro x im a te ly  
2 x l0 5  c e l l s / m l  by 3-4 days a f t e r  i r r a d i a t i o n  (Fig. 6.5). Exposure o f  
t r y p a n o s o m e s  t o  2.5K r a d  o f  Y - r a d i a t i o n  c a u s e d  a d e c l i n e  i n  t h e  
num ber o f  v i a b l e  t r y p a n o s o m e s  d u r i n g  t h e  f i r s t  48 h o u r s .  Even i n  
t h e s e  c u l t u r e s  th e  d e n s i t y  s u b s e q u e n t ly  in c re a s e d  t o  2 .5x l0 4  c e l l s / m l  
a t  5 d a y s ,  how ev er  t h e  r a t e  o f  g r o w th  w as  much s l o w e r  t h a n  t h a t  i n  
t h e  c o n t r o l  c u l tu r e s ;  s u g g e s t in g  a c t u a l  i n h i b i t i o n  o f  grow th  a s  w e l l  
a s  c e l l  d e a t h .  H ig h e r  d o s e s  o f  Y - r a d i a t i o n ,  5 , 7.5 a n d  10K r a d s  
r e s u l t e d  i n  a d r a m a t i c  c e l l  k i l l i n g  e f f e c t  and  c u l t u r e s  e x p o s e d  t o  
t h e s e  doses  o f  Y - r a d i a t i o n  n ev e r  r e c o v e re d  (Fig. 6.5).
6 . 2 .3  The Enhancement o f  C y to t o x ic i t y  o f  DNA Damaging Agents 
by I n h i b i t i o n  o f  ADPR-transf e r a s e
The enhancement o f  t h e  c y t o to x ic  e f f e c t  o f  DNA damaging a g e n t s  
(DMS a n d  y - r a d i a t i o n )  on  JLn v i t r o  c u l t u r e d  t r y p a n o s o m e s  b y  
i n h i b i t i o n  o f  A D P R - tra n s f  e r a s e  a c t i v i t y  by  3AAB w as i n v e s t i g a t e d .  
The r e a s o n  f o r  t h e  c h o i c e  o f  3AAB a s  t h e  i n h i b i t o r  w as t h a t  i t  h a s  
p r o v e n  t o  b e  t h e  m os t  p o t e n t  o f  t h e  b e n z a m id e  i n h i b i t o r s  g r o u p  
( P u r n e l l  a n d  W hish , 1980) .  I n  t h i s  s t u d y  3AAB w as u s e d  t o  t e s t  t h e  
r o l e  o f  A D P - r i b o s y l a t i o n  i n  t h e  r e c o v e r y  o f  T .b r u c e i  f ro m  DNA 
dam aging a g e n ts ,  DMS and Y - r a d i a t i o n .
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The e f f e c t  o f  y  - r a d i a t i o n  on t h e  s u r v i v a l  a n d  g r o w th  o f  T . b r u c e i . 
T r y p a n o s o m e s  w e r e  e x p o s e d  t o  v a r i o u s  d o s e s  o f y - r a d i a t i o n .  
I r r a d i a t e d  t r y p a n o s o m e s  w e re  i m m e d i a t e l y  c u l t u r e d  a t  an  i n i t i a l  
d e n s i t y  o f  lx lO 4  c e l l s / m l .  I h e  number o f  v i a b l e  trypanosom es were 
e s t i m a t e d  by c o u n t in g  th e  m o t i l e  o rg a n ism s  u s in g  a  haem ocytom eter and 
p h a se  c o n t r a s t  m icroscopy . C o n tro l  c e l l s  ( •  ) and  c e l l s  i r r a d i a t e d  
w i t h  0 .5  ( * ) ,  1 ( O ) ,  2.5 ( A ) ,  5 ( A ) ,  7 .5  ( □ )  a n d  10 ( ■  )K r a d s  
o f  y  - r a d i a t i o n .  Each p o i n t  i s  t h e  m ean o f  a t  l e a s t  3 s e p a r a t e  
e x p e r im e n ts  i n  e ac h  o f  which t rypanosom es  w ere  coun ted  i n  d u p l i c a t e s  
t h e  b a r s  i n d i a c a t e  t h e  s ta n d a rd  e r r o r  o f  t h e  mean.
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3AAB w as  ad d ed  t o  t h e  c u l t u r e s  a t  t h e  c o n c e n t r a t i o n  o f  200 /iM 
( t h e  c o n c e n t r a t i o n  a t  w h ic h  t h e r e  i s  no  g r o w th  i n h i b i t i o n )  2 0 -3 0  
m in u te s  p r i o r  t o  in d u c t io n  o f  DNA damage. T h is  i n h i b i t o r  was p r e s e n t  
t h r o u g h o u t  t h e  e x p e r i m e n t s .  T h i s  w as t o  e n s u r e  t h a t  t h e  i n h i b i t o r  
was p r e s e n t  d u r in g  any im m ed ia te  r e p a i r  a f t e r  DNA damage th u s  a c t i n g  
on t h e  e n t i r e  p ro c e s s  o f  DNA r e p a i r .
The a p p r o p r i a t e  vo lu m e  o f  a  s o l u t i o n  o f  DMS, made up  i n  50% 
e t h a n o l / H 2 0  (V /V ) ,  w a s  a d d e d  t o  c u l t u r e s  t o  o b t a i n  f i n a l  
c o n c e n t r a t i o n s  o f  10 /iM, 20 f i M  and 30 juM. Because th e  h a l f - l i f e  o f  
DMS i n  c u l t u r e  medium a t  37°C i s  v e r y  s h o r t  ( a p p r o x i m a t e l y  15 
m in u te s )  t h e  DMS was n o t  washed away. Y - i r r a d i a t i o n  was p e rfo rm ed  
a t  room te m p e r a tu r e  and trypanosom es  w ere exposed t o  0.5k r a d ,  IK ra d  
and 2.5K ra d  o f  Y - r a d i a t i o n .
Trypanosom es t r e a t e d  w i th  e i t h e r  DMS o r  Y - r a d i a t i o n  w ere th e n  
c u l t u r e d  i n  T-25 f l a s k s  w ith  10 ml o f  m e d iu m /f la sk  in  t h e  p r e s e n c e  o f  
F i s h e r  r a t  em bryonic  f i b r o b l a s t s .  I n c u b a t io n  began w ith  an  i n i t i a l  
c e l l  d e n s i t y  o f  1x10^ try p an o so m es/m l o f  c u l t u r e  medium a t  37°C i n  an 
a tm o sp h e re  o f  5% OO2  anc  ^ 95% a i r .
When 3AAB (200 /iM) t r e a t e d  t r y p a n o s o m e s  (2 0 -3 0  m i n u t e s  p r e ­
in c u b a te d  a t  37°C) were exposed t o  10 /iM DMS grow th  was r e t a r d e d  by a  
l a g  p h a s e  o f  ab o u t  6-7  days,  com pared  w i th  trypanosom es in  c u l t u r e s  
t r e a t e d  w i th  DMS on ly . The c u l t u r e  d e n s i t y  th e n  s lo w ly  in c r e a s e d  t o  
a p p ro x im a te ly  3 x l0 5  c e l l s / m l  i n  11-12 days .  I n t e r e s t i n g l y  even a f t e r  
t h i s  t i m e  t h e  maximum d e n s i ty  was lo w e r  th a n  t h a t  o b ta in e d  i n  e i t h e r  
c o n t r o l  o r  DMS o n ly  t r e a t e d  c u l t u r e s  (F ig . 6 . 6 ). In  th e  3AAB t r e a t e d  
c u l t u r e s  e x p o s e d  t o  20 /iM DMS, c e l l  d e n s i t y  d e c r e a s e d  t o  
a p p r o x i m a t e l y  1x10^ c e l l s / m l  i n  48 h o u r s  a f t e r  w h ich  a  g r a d u a l  
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F ig .  6 . 6
The e f f e c t  o f  DMS t r e a tm e n t  on c u l t u r e d  T .b ru ce i  i n  t h e  p re s e n c e  
a b s e n c e  o f  200 j i M  3AAB. The num ber  o f  v i a b l e  t r y p a n o s o m e s  we 
e s t i m a t e d  by c o u n t in g  t h e  m o t i l e  o rg a n ism s  u s in g  a  haem ocytom eter  a 
p h ase  c o n t r a s t  m ic roscopy , c o n t r o l  c e l l s  ( • ) ,  1 0 yuM DMS ( O ) ,  1 0 j  
DMS + 200 ^iM 3AAB ( A ) .  Each p o i n t  i s  t h e  mean o f  a t  l e a s t  
s e p a r a t e  e x p e r im e n ts  i n  each  o f  w hich try p an o so m es  w ere  coun ted  
d u p l i c a t e s .
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was observed . The maximum c e l l  d e n s i t y  (abou t 5x10^ c e l l s / m l )  was 
a g a i n  much lo w e r  t h a n  c o n t r o l  o r  DMS o n l y  t r e a t e d  c u l t u r e s  an d  was 
o b t a i n e d  o n l y  a f t e r  13 d a y s  o f  c u l t u r e  ( F ig .  6 .7 ) .  E x p o s u re  o f  t h e  
3AAB t r e a t e d  t r y p a n o s o m e s  t o  30 ^iM DMS r e s u l t e d  i n  t h e  c o m p le t e  
k i l l i n g  o f  a l l  t r y p a n o s o m e s  i n  c u l t u r e  by  48 h o u r s .  T h e re  was no 
e v id en ce  o f  r e c o v e ry  i n  th e s e  c u l t u r e s  up t o  7 days o f  c u l t u r e  (Fig. 
6 . 8).
E x p o s u re  o f  3AAB t r e a t e d  t r y p a n o s o m e s  t o  0.5K r a d  o f  i r ­
r a d i a t i o n  r e s u l t e d  i n  o n ly  a s m a l l  r e d u c t i o n  i n  t h e  r a t e  o f  g ro w th  
and  t h e  maximum d e n s i t y  o b t a i n e d  ( F ig .  6 .9 , £ ) .  However 3AAB 
t r e a tm e n t  o f  trypanosom es  exposed t o  IK ra d  o f  Y - r a d i a t i o n  r e s u l t e d  
i n  a  c l e a r  e n h a n c e m e n t  o f  c e l l  k i l l i n g  a s  c o m p a re d  t o  e i t h e r  t h e  
c o n t r o l  o r  o n ly  Y - i r r a d i a t e d  c u l t u r e s  (F ig . 6 . 9 , A). The d e n s i t y  o f  
t r y p a n o s o m e s  i n  t h e s e  c u l t u r e s  w as r e d u c e d  t o  a p p r o x i m a t e l y  5x10^ 
c e l l / m l  i n  24 h o u rs  and th e n  g r a d u a l ly  in c r e a s e d  t o  a  maximum d e n s i t y  
o f  2 .5 x 1 0 ^  c e l l s / m l  by  3 -4  d a y s  a f t e r  i r r a d i a t i o n ,  co m p ared  t o  a 
maximum d e n s i t y  o f  about 2 x l 0 5  c e l l s / m l  i n  c n ly  i r r a d i a t e d  c u l t u r e s  
(F ig . 6.9, A) .  2.5K r a d s  o f  Y - r a d i a t i o n  p roduced  a  h igh  c e l l  k i l l i n g
e f f e c t .  T ry p a n o s o m e s  ( p r e - i n c u b a t e d  w i t h  3AAB) d i d  n o t  show  any  
i n c r e a s e  i n  n u m b e rs  and  a l l  d i e d  w i t h i n  6  d a y s  o f  Y - i r r a d i a t i o n  
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F i g *  5.7
The e f f e c t  o f  20 jiM DMS t r e a t m e n t  on c u l t u r e d  t r y p a n o s o m e s  i n  t h e  
p r e s e n c e  o f  200 /iM 3AAB. The num ber  o f  v i a b l e  t r y p a n o s o m e s  w ere  
e s t i m a t e d  by c o u n t in g  t h e  m o t i l e  o rg an ism s  u s in g  a  haem ocy tom eter  and 
p h ase  c o n t r a s t  m icroscopy .  C o n tro l  c e l l s  ( • ) ,  2 0 /iM DMS ( 4 ) ,  2 0 /iM 
DMS + 200 juM 3AAB ( A ) .  Each p o i n t  i s  t h e  m ean o f  a t  l e a s t  3
s e p a r a t e  e x p e r im e n ts  i n  each  o f  which trypanosom es w ere  co u n te d  in  
d u p l i c a t e s .
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F ig . 6 .8
The e f f e c t  o f  30 ;uM DMS t r e a tm e n t  on c u lt u r e d  try p a n o so m es in  th  
p r e s e n c e  o r  a b s e n c e  o f  2 0 0  /iM  3AAB. The num ber o f  v i a b l  
trypanosom es were estim a ted  by counting  th e  v ia b le  organism s u sin g  
haem ocytom eter and phase c o n t r a s t  m ic r o sc o p y . C o n tr o l c e l l s  ( •  ] 
30,uM DMS ( *  ) ,  and 30 juM DMS + 2 0 0 >uM 3AAB ( A ) .  Each p o in t  i s  th  
mean o f  a t  le a s t  3 sep ara te  exp erim en ts in  each  o f  which trypanosome 
















2 3 4 5
Time in  c u ltu r e  (days)
Fig  6 .9
The e f f e c t  o f  0.5K rad  o f Y- r a d ia t i o n  on c u lu r e d  T .b r u c e i in  th 
p r e s e n c e  o r  a b s e n c e  o f  2 0 0  >iM 3AAB. The num ber o f  v i a b l  
trypanosom es were e s tim a te d  by counting th e  m o tile  organism s u sin g  
haem ocytom eter and phase c o n t r a s t  m ic r o sc o p y . C o n tr o l c e l l s  ( •  ] 
0.5K ra d  Y -r a d ia t io n  ( * ) ,  0.5K rad Y -r a d ia t io n  + 200 ;liM 3AAB (-fc 
IK rad Y - r a d ia t io n  ( A ) ,  IK rad  Y - r a d i a t i o n  + 200 3AAB ( A ] 
2.5K ra d s Y - r a d ia t i o n  ( ■ ) ,  2.5K ra d s  Y - r a d ia t io n  + 200 /iM 3A2 
( □ ) .  Each p o in t  i s  th e  mean o f  a t  l e a s t  3 s e p a r a te  e x p e r im e n ts  i  
each o f  which trypanosom es were counted in  d u p lic a te s .
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6.3 Discussion
In  t h i s  s t u d y  t h e  h i g h e s t  n o n - t o x i c  c o n c e n t r a t i o n s  o f  t h e  
i n h i b i t o r s  o f  A D P R - t r a n s f  e r a s e ,  3AB a n d  3AAB i n  t h e  c o n t i n u o u s  in  
v i t r o  c u l t u r e s  o f  T . b r u c e i  w e re  d e t e r m i n e d  t o  b e  2 mM a n d  200 ^M , 
r e s p e c t i v e l y .  Trypanosomes w ere found t o  b e  v e ry  s e n s i t i v e  t o  h ig h e r  
c o n c e n t r a t i o n s  o f  t h e s e  tw o i n h i b i t o r s  e s p e c i a l l y  3AAB. The e f f e c t  
o f  th e s e  n o n - to x ic  c o n c e n t r a t i o n s  on t h e  c y t o t o x i c i t y  and enhancem ent 
o f  c e l l  k i l l i n g  o f  t h e  DNA d am ag in g  a g e n t s ,  DMS an d  Y - r a d i a t i o n ,  
w ere th e n  d e te rm in e d .
c u l tu r e d  try p an o so m es  exposed t o  DMS e x h i b i t e d  a  dose  dependen t 
c y t o t o x i c  e f f e c t  a n d  a t  50 i^M DMS no  v i a b l e  t r y p a n o s o m e s  w e re  
d e t e c t e d  a f t e r  24 h o u rs  p o s t - in c u b a t io n .
Y - i r r a d i a t i o n  o f  c u l t u r e s  a l s o  e x h i b i t e d  a  dose  dependen t c e l l  
k i l l i n g  e f f e c t .  The n o n -c y to to x ic  dose o f  Y - r a d i a t i o n  was found t o  
be  about 0.5K ra d .  H igher d o s e s  o f  Y - r a d i a t i o n  (1-10K  r a d )  sh o w e d  
i n c r e a s i n g l y  h i g h e r  d e g r e e s  o f  c e l l  k i l l i n g .  H o w ev er ,  i t  i s  
i n t e r e s t i n g  t h a t  when trypanosom es were exposed t o  up t o  15K r a d s  o f  
Y - r a d i a t i o n  t h e  c e l l u l a r  NAD l e v e l  r e c o v e r e d  t o  c o n t r o l  l e v e l s  
w i t h i n  a b o u t  15 m i n u t e s  ( s e e  s e c t i o n  4 .2 .6 ) .  NAD i s  t h e  s u b s t r a t e  
f o r  A D P - r i b o s y l a t i o n  a n d  by f a r  t h e  g r e a t e s t  p r o p o r t i o n  o f  i t s  
tu rn o v e r  i s  a s s o c i a t e d  w i th  t h i s  p ro c e s s .
R e s u l t s  i n d i c a t e  t h a t  in  Y - i r r a d i a t e d  trypanosom es  t h e  c e l l u l a r  
NAD l e v e l  i s  n o t  an  im p o r ta n t  i n d i c a t o r  o f  t h e  p o t e n t i a l  a b i l i t y  o f  
t h e  trypanosom es t o  s u r v iv e  and rec o v e r  from t h e  DNA damage.
C y t o t o x i c i t i e s  o f  DMS and  Y - r a d i a t i o n  w e re  b o t h  g r e a t l y  
e n h a n c e d  by  3AAB (200  juM). I n  t h e  c a s e  o f  d am age  by  a l k y l a t i n g  
a g e n t s  t h e  enhancem ent o f  c e l l  k i l l i n g  by A D P R -transfe rase  i n h i b i t i o n
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h a s b een  a t t r ib u t e d  t o  th e  i n h i b i t i o n  o f  DNA s tr a n d -b r e a k  r e p a ir  
(D urkacz e t  a l . ,  1980 & 1981; Jam es and Lehman, 1982). C r e is s e n  and 
S h a l l  (1982) s u g g e s te d  th a t  t h i s  may be e x p la in e d  by th e  need  fo r  
A D P -ribosylation  to  s t im u a lte  th e  DNA l ig a s e  a c t iv i t y  n ecessa ry  fo r  
th e  f in a l  s te p  o f  DNA strand-break  r e jo in in g .
P re v io u s ly  r e p o r te d  s t u d i e s  had l e d  t o  t h e  co n c lu s io n  t h a t  ADP- 
r i b o s y l a t i o n  h a s  l i t t l e  o r  no  r o l e  i n  t h e  e x p o s u r e  o f  c e l l s  t o  
i o n i s i n g  r a d i a t i o n .  D a v ie s  e t  a l .  (1978) a n d  Nduka e t  a l .  (1980) 
exam ined t h e  e f f e c t  o f  2 mM 5 -m e th y ln ic o t in a m id e ,  250 jiM th e o p h y l in e  
and 250 juM c a f f e i n e  on mouse leu k aem ia  L1210 c e l l s  and found th e s e  
i n h i b i t o r s  t o  produce o n ly  a  s m a l l  i n c r e a s e  i n  t h e  c y t o c id a l  e f f e c t  
o f  Y - i r r a d i a t i o n .  James and Lehman (1982) i n v e s t i g a t e d  t h e  e f f e c t  
o f  5 mM 3AB on th e  r a d i a t i o n  re sp o n se  o f  human f i b r o b l a s t s  and found 
l i t t l e  o r  no  e n h a n c e m e n t  o f  c e l l  k i l l i n g  by Y - i r r a d i a t i o n .  They 
co nc luded  t h a t  ADPR-transf e r a s e  a c t i v i t y  i s  u n im p o rtan t  f o r  ro covery  
o f  damage produced by y - i r r a d i a t i o n .  However, Lunec e t  a l .  (1984), 
u s i n g  3AAB, d e m o n s t r a t e d  t h a t  A D P R - tra n s fe ra se  a c t i v i t y  i s  i n  f a c t  
r e q u i r e d  f o r  r e c o v e r y  f ro m  r a d i a t i o n  in d u c e d  dam age. T h i s  g ro u p  
sh o w e d  s i g n i f i c a n t  e n h a n c e m e n t  o f  c e l l  k i l l i n g  i n  t h e  p r e s e n c e  o f  
A D P R - t r a n s f e r a s e  i n h i b i t o r s  d u r i n g  t h e  r e c o v e r y  p e r i o d .  They 
con c lu d ed  t h a t  th e  n e c e s s a ry  d e g re e  o f  i n h i b i t i o n  can be a c h iev ed  by 
a  n c n - to x i c  c o n c e n t r a t io n  o f  3AAB i n  t h e  range  o f  2-4  mM and t h a t  t h e  
maximum e f f e c t  i s  o b s e r v e d  i f  t h e  i n h i b i t o r  i s  p r e s e n t  d u r i n g  
i r r a d i a t i o n  a s  w e l l  a s  s e v e r a l  h o u rs  a t  37°C p o s t - i r r a d i a t i o n .
R e s u l t s  p re s e n te d  i n  t h i s  s e c t i o n  show t h a t  marked enhancement 
o f  c e l l  k i l l i n g  by  Y - r a d i a t i o n  i s  o b s e r v e d  when t r y p a n o s o m e s  a r e  
t r e a t e d  w i th  a  n o n - to x ic  c o n c e n t r a t i o n  o f  3AAB (200 ^iM).
CHAPTER SEVEN
In v it r o  D if fe r e n t ia t io n  o f  T .b ru ce i and 
th e  E ffe c t  o f  ADPR-transferase In h ib ito r s
R esu lts  and D iscu ssion
7.1 Introduction
The p a r a s i t i c  p r o to z o a n , T .b r u c e i , u n d erg o es  a s e r i e s  o f  
d i f f e r e n t i a t i o n  s t e p s  d u r in g  i t s  c y c l i c a l  d ev e lo p m en t in  th e  
m am m alian h o s t  and th e  a rth ro p o d  v e c t o r ,  t h e  t s e t s e  f l y  (Bowman 
e t  a l . ,  1972; Brown e t  a l . ,  1973; Bowman and Flynn 1976 ; G it t o  
e t  a l . ,  1979 and B ien en  e t  a l . ,  1981) .  D i f f e r e n t i a t i o n  i s  a lr e a d y  
in i t i a t e d  in  th e  mammalian bloodstream  when s len d er  form s s h i f t  to  
stum py fo rm s. T h is  phenom enon, known a s  p leo m o rp h ism , i s  c l o s e l y  
a s s o c ia t e d  w ith  ch a n g es  in  o x id a t iv e  m e ta b o lism . I t  h a s been  
d e m o n str a te d  th a t  m o r p h o lo g ic a l c h a n g e s  o c c u r in g  d u r in g  th e  l i f e  
c y c l e  o f  t h i s  p a r a s i t e  a r e  a c c o m p a n ie d  by an a l t e r n a t i n g  
p r o l i f e r a t i o n  and r e g r e s s io n  o f  th e  m ito c h o n d r ia l  s t r u c t u r e s ,  
t r ic a r b o x y lic  a c id  c y c le  (TCA c y c le )  enzymes and cytochrom es (Bowman 
e t  a l . ,  1972; H i l l ,  1976; G h io t to  e t  a l . ,  1979 and B ien en  e t  a l . ,  
1981). In th e  s len d er  m u lt ip l ic a t iv e  b loodstream  forms o f  T .brucei 
th e  m itochondrion i s  reduced to  a s in g le  p er ip h er a l canal and c r i s t a e  
a r e  s p a r s e  or a b s e n t .  T hese tr y p a n o so m e s  o x id iz e  g lu c o s e  by 
g ly c o ly s i s  to  pyruvate which th ey  can not degrade fu rth er . They a ls o  
o x id iz e  NADH v ia  a  -g lycerop hosp h ate o x id a se  system  which i s  cyan id e-  
in s e n s i t iv e .
P r o g r e s s io n  t o  th e  stum py fo rm s i s  marked by s w e l l i n g  o f  th e  
m ito ch o n d ria l c a n a l, which d evelops tu b u lar c r i s t a e .  In stumpy forms 
some m itoch on d ria l enzymes have been dem onstrated but th e  TCA c y c le  
i s  n o t  y e t  f u l l y  f u n c t io n in g  (F lynn  & Bowman 1973 and H i l l ,  1 976).  
During d i f f e r e n t ia t io n  o f  bloodstream  form s o f  T.brucei t o  p r o c y c lic  
form s, corresponding t o  midgut form s in  th e  v e c to r , th e  TCA c y c le  and 
term in a l o x id a tio n  become f u l ly  fu n c t io n a l (Brown e t  a l . ,  1973; H i l l ,  
1976 and G h io t to  e t  a l . ,  1979).  Stumpy fo rm s can o x i d i s e  a -  
K e t o g l u t a r a t e  a n d , a t  a lo w  r a t e ,  p r o l i n e ,  s u g g e s t i n g  som e
m i t o c h o n d r i a l  p a r t i c i p a t i o n  i n  m e ta b o l i s m .  The r o l e  o f  t h e  
k i n e t o p l a s t  i n  t h i s  d i f f e r e n t i a t i o n  i s  c r u c i a l ,  s in c e  m i to c h o n d r ia l  
en e rg y  m e tab o lism  i s  much more im p o r tan t  t o  t h e  p r o c y c l i c  fo rm s th an  
t o  t h e  b lo o d s t re a m  fo rm s  (Bienen e t  a l . ,  1981).
E x p e r i m e n t a l l y  i n d u c e d  d i f f e r e n t i a t i o n  o f  b l o o d s t r e a m  
trypanosom es t o  t h e  p r o c y c l i c  s t a g e  can be i n i t i a t e d  by t r a n s f e r r i n g  
p a r a s i t e s  from  t h e  b lo o d  o f  an in f e c t e d  mammal i n t o  t i s s u e  c u l tu r e .
S in c e  t h e  m o s t  i m p o r t a n t  c h a n g e  i n  e n e r g y  m e t a b o l i s m  d u r i n g  
d i f f e r n t i a t i o n  o f  b lo o d s t r e a m  trypanosom es t o  p r o c y c l i c  fo rm s  i s  th e  
a c t i v a t i o n  o f  TCA c y c l e ,  i t  a p p e a r e d  r e a s o n a b l e  t o  a t t e m p t  
s t i m u l a t i o n  o f  d i f f e r e n t i a t i o n  by d i r e c t l y  a c t i v a t i n g  t h e  TCA c y c le .  
The o b s e rv a t io n  o f  Brun and Schonenberger (1981), t h a t  c i t r a t e  an d /o r  
c i s - a c o n i t a t e  s t i m u l a t e s  d i f f e r e n t i a t i o n  le d  t o  t h e  s u g g e s t io n  t h a t  
t h e s e  m e t a b o l i t e s  s e r v e  a s  a c t i v a t o r s  o r  i n d u c e r s  o f  i s o c i t r a t e  
dehydrogenase  a n d /o r  o t h e r  TCA c y c le  enzymes. T h is  s w i tc h  t h e r e f o r e  
a c t s  a s  a m e ta b o l i c  t r i g g e r  f o r  t h e  m orpho log ica l changes in v o lv ed  in  
d i f f e r e n t i a t i o n .  C z i c h o s  e t  a l .  (1986) s u g g e s t e d  t h a t  i n  f a c t  
synchronous d i f f e r e n t i a t i o n  o f  t h e  b lo o d s tream  fo rm s o f  t h e  v a r i a n t  
M IT at 1 .4  t o  t h e  d i v i d i n g  p r o c y c l i c  c e l l s  r e q u i r e s  t h e  co m b in ed  
a c t i o n  o f  tw o  s i g n a l s :  t h e  a d d i t i o n  o f  c i t r a t e / c i s - a c o n i t a t e  (3mM 
e a c h  o r  o f  6 mM c i s - a c o n i t a t e )  a s  i n d u c e r s  a n d  a  d e c r e a s e  i n  t h e  
t e m p e r a tu r e  from  37°C t o  27°C.
In  t h i s  s e c t i o n  t h e  a im  was t o  e s t a b l i s h  a  r e p r o d u c ib le  c u l t u r e  
s y s t e m  t h a t  a l l o w s  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  o f  m onom orph ic  
b lo o d s t r e a m  fo rm s  o f  T .b ru ce i  ( s t r a i n  MITat 1.1) t o  p r o c y c l i c  c e l l s .
7.2 Results
7 .2 .1  In  v i t r o  d i f f e r e n t i a t i o n  o f  b lo o d s tre am  forms 
o f  T .b r u c e i  t o  p r o c y c l i c  forms
F re s h ly  i s o l a t e d  b lo o d s tre a m  fo rm s o f  t h e  v a r i a n t  MITat 1.1 w ere 
c u l t u r e d  w i t h  an  i n i t i a l  c e l l  d e n s i t y  o f  5x10^ c e l l s / m l  o f  SDM-79 
medium  ( s e e  m a t e r i a l s  3 .1 .9 d ) .  T h i s  m edium  c o n t a i n e d  10% (V/V) 
f e t a l  c a l f  serum.
T h e  p r e s e n c e  o f  t h e  f e e d e r  c e l l s ,  F i s h e r  r a t  e m b r y o n i c  
f i b r o b l a s t s  ( s e e  m a t e r i a l s  3 . 1 . 8 d ) ,  t h r o u g h o u t  t h e  e n t i r e  
d i f f e r e n t i a t i o n  p r o c e s s  was a l s o  fo u n d  t o  b e  e s s e n t i a l .  W here 
i n d i c a t e d ,  th e  r e q u i r e d  volume from  a s to c k  s o l u t i o n  o f  c i s - a c o n i t a t e  
(30 mM), t o  g i v e  a  f i n a l  c o n c e n t r a t i o n  o f  3 mM, was ad d ed  t o  t h e  
c u l t u r e s .  F ig .  (7 .1 )  d e m o n s t r a t e s  r e p r e s e n t a t i v e  r e s u l t s  f ro m  
e x p e r im e n ts  t h a t  w ere  r e p e a te d  s e v e r a l  t im e s  w i th  s i m i l a r  r e s u l t s .  
C e l l s  w ere coun ted  e v e ry  24 h o u rs  by p hase  c o n t r a s t  m icroscopy i n  a 
h a e m o c y t o m e t e r  a t  4 0 0 x  m a g n i f i c a t i o n .  D i s t i n c t i o n  b e tw e e n  
b lo o d s t re a m  trypanosom es and d i f f e r e n t i a t e d  c e l l s  were made a t  t h e  
t i m e  o f  c o u n t i n g ,  u s i n g  t h e  f o l l o w i n g  c r i t e r i a ;  s i z e ,  s h a p e ,  
m o t i t i t y ,  and p re s e n c e  o r  absence  o f  u n d u la t in g  membranes. SDM-79 
m edium  d i d  n o t  s u p p o r t  e i t h e r  g r o w th  o r  m a in te n a n c e  o f  t h e  
b lo o d s tre a m  form s o f  trypanosom es a t  37°C. In  t h e  p resen ce  o f  3 mM 
c i s - a c o n i t a t e ,  a t  37°C, t h e  p a r a s i t e  number d e c re a se d  r a p id l y  from 
5 x l0 4  t o  lx lO 4  c e l l s / m l .  A l l  t h e  o rg an ism s  in  c u l t u r e  d ie d  w i th i n  72 
h o u rs  i f  in c u b a t io n  was p ro lo n g ed  a t  t h i s  te m p e ra tu r e  (Fig. 7 . 1 , * ) .  
Upon t r a n s f e r  f ro m  37°C t o  27°C t h e  c e l l s  r e s p o n d e d  i n  tw o  w ays .  
F i r s t l y ,  t h e  m a jo r i t y  r e t a i n e d  t h e  morphology o f  b lo o d s tre am  form s 
a n d  d i d  n o t  g row  f o r  a t  l e a s t  24 h o u r s .  Upon p r o l o n g e d  i n c u b a t i o n  
m o s t  o f  t h e s e  c e l l s  d i s i n t e g r a t e d .  S e c o n d ly ,  a  s m a l l  f r a c t i o n
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F ig . 7 .1  Time in  c u l t u r e  (days)
E f f e c t  o f  a t e m p e r a t u r e  c h a n g e  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  c i s -  
a c o n i t a t e  on d i f f e r e n t i a t i o n  o f  T .b ru c e i . SDM-79 medium supp lem en ted  
w i t h  10% (V/V) f e t a l  c a l f  s e ru m  w as u s e d  f o r  a l l  t h e  c u l t u r e s .  
O v e r n ig h t  p r e - a d a p t e d  b l o o d s t r e a m  t r y p a n o s o m e s  a t  37 °C  w e r e  
t r a n s f e r r e d  t o  27 C i n  t h e  p r e s e n c e  o f  c i s - a c o n i t a t e  (# ) ,  i n  t h e  
absence  o f  c i s - a c o n i t a t e  (■), o r  d i r e c t l y  in c u b a te d  a t  2 r C  (w ith o u t  
t h e  p e r i o d  o f  p r e - a d a p t a t i o n )  i n  t h e  p r e s e n c e  o f  c i s - a c o n i t a t e  (A) 
an d  c o n t i n u o u s  i n c u b a t i o n  a t  37°C i n  t h e  p r e s e n c e  o f  c i s - a c o n i t a t e  
(*). The arrow  i n d i c a t e s  th e  t im e  o f  t r a n s f e r  o f  c u l t u r e s  from 37°C 
t o  27°C. Each p o i n t  i s  t h e  mean o f  a t  l e a s t  4 s e p a r a t e  e x p e r i m e n t s  
in  each  o f  which trypanosom es w ere  coun ted  i n  d u p l i c a t e s .  The b a r s  
i n d i c a t e  t h e  s ta n d a r d  e r r o r  o f  t h e  mean.
d i f f e r e n t i a t e d  s u c c e s s f u l l y  and t h e n  d i v i d e d  ( F ig .  7 .1 ,  •  ). The 
p e r i o d  o f  p r e - a d a p t a t i o n  ( o v e r n i g h t  i n c u b a t i o n  a t  37°C p r i o r  t o  
t r a n s f e r  t o  27°C) w as fo u n d  t o  b e  n e c e s s a r y  s i n c e  t h e  d i r e c t  
in c u b a t io n  o f  t ry p a n o so m e s  a t  27°C in  t h e  p re s e n c e  o f  c i s - a c o n i t a t e  
(3 mM) d e l a y e d  t h e  p r o c e s s  o f  d i f f e r e n t i a t i o n  f o r  6  d a y s  
(F ig .  7 .1 ,  ▲ ). I n  t h e  a b s e n c e  o f  c i s - a c o n i t a t e  h o w e v e r ,  t h e  
d i f f e r e n t i a t i o n  was s t i l l  i n i t i a t e d  b u t  was d e la y e d  f o r  t h e  s l i g h t l y  
s h o r t e r  t im e  o f  a p p r o x im a te ly  5 days (Fig. 7.1, ■  ). In  t h i s  sy s tem , 
c o m p l e t e  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  o f  T . b r u c e i  M ITat 1 .1 ,  a s  
obse rved  by l i g h t  m ic ro sco p y  u s in g  t h e  above m en tioned  c r i t e r i a ,  was 
c o m p l e t e  i n  2 d a y s  ( F i g .  7 .1 ,  •  ) i n  t h e  p r e s e n c e  o f  3 mM c i s -  
a c o n i t a t e  an d  5 d a y s  i n  t h e  a b s e n c e  o f  t h i s  TCA c y c l e  i n t e r m e d i a t e  
(F ig .  7 .1 ,  ■  ).
B lo o d s t r e a m  f o r m s  g ro w n  o v e r n i g h t  a t  37°C i n  t h e  p r e s e n c e  o f  
c i s - a c o n i t a t e  (3 mM) w e r e  s i m i l a r  t o  a p l e o m o r p h i c  p o p u l a t i o n  
c o n t a i n i n g  a  h i g h  p r o p o r t i o n  o f  s tu m p y  fo rm s .  S e m i - s y n c h r o n o u s  
d i f f e r e n t i a t i o n  t o  p r o c y c l i c  c e l l s  occured  when t h e s e  c u l t u r e s  were 
t r a n s f e r r e d  t o  t h e  t e m p e r a t u r e  o f  27°C. C e l l  g r o w t h  show ed  a 
s i g m o i d a l - t y p e  c u r v e  a n d  t h e  p r i m a r y  c u l t u r e  c o u l d  b e  m a i n t a i n e d  
w i th o u t  f u r t h e r  s u b - c u l t u r i n g  f o r  up t o  2  weeks r e a c h in g  a  maximum 
d e n s i t y  o f  1 x 1 0 ^ c e l l s / m l .
Bienen e t  a l .  (1981) suggested  th a t  b ioch em ica l d i f f e r e n t i a t io n  
o c c u r s  on a d i f f e r e n t  t i m e  s c a l e  c o m p a r e d  t o  m o r p h o l o g i c a l  
d i f f e r e n t i a t io n .  H is group showed th a t  d i f f e r e n t i a t i n g  c e l l s  do not  
a t t a i n  a normal r e s p ir a to r y  pattern  t y p ic a l  o f  e s t a b l i s h e d  p r o c y c l ic  
t r y p o m a s t i g o t e s  (70-80%  c y a n id e  s e n s i t i v e ,  20-30% SHAM s e n s i t i v e )  
u n t i l  20 t o  24 days a f t e r  in n o cu la t io n  in to  c u ltu r e .  Overath e t  a l .
(1986) showed th a t  when d i f f e r e n t i a t i o n  i s  t r ig g e r e d  a t  27°C in  the  
p r e s e n c e  o f  c i t r a t e / c i s - a c o n i t a t e ,  t h e  r a p id  d e c r e a s e  in  VSG
152
s y n t h e s i s  i s  fo l lo w e d  by th e  deve lopm ent o f  m i to c h o n d r ia l  f u n c t i o n s  
i n  t h e  n ew ly  d i f f e r e n t i a t e d  p r o c y c l i c  c e l l s .  They showed t h a t  a f t e r  
72 h o u rs  t h e  r a t e  o f  r e s p i r a t i o n  o f  m ost s u b s t r a t e s  i s  c l o s e  t o  t h a t  
o f  e s t a b l i s h e d  p r o c y c l i c  c e l l s .  At t h i s  t i m e  o n ly  25% o f  t h e  t o t a l  
r a t e  o f  r e s p i r a t i o n  o f  g lu c o s e  i s  i n h i b i t e d  by s a l ic y lh y d ro x a m ic  a c i d  
(SHAM) w h i le  75% i s  c y a n i d e - s e n s i t i v e .  I t  i s  t h e r e f o r e  e v id e n t  t h a t  
m o r p h o l o g i c a l  a n d  b i o c h e m i c a l  d i f f e r e n t i a t i o n  may t a k e  p l a c e  a t  
d i f f e r e n t  t im e s .
D e v e lo p m e n t  o f  t h i s  s y s t e m  f a c i l i t a t e d  t h e  s t u d y  o f  t h e  
i n v o l v e m e n t  o f  A D P R - t r a n s f e r a s e  a c t i v i t y  i n  t h e  i_n v i t r o  
d i f f e r e n t i a t i o n  o f  b lo o d s tre a m  fo rm s  o f  T .b ruce i t o  p r o c y c l i c  fo rm s .  
The f u l l y  d i f f e r e n t i a t e d  t r y p a n o s o m e s ,  a s  v i s u a l i s e d  b y  p h a s e  
c o n t r a s t  m i c r o s c o p y ,  w e re  m a i n t a i n e d  f o r  up t o  3 m on ths  i n  t h e  
a b s e n c e  o f  f e e d e r  c e l l s .  The c u l t u r e s  w o u ld  n o r m a l l y  r e a c h  a  c e l l  
d e n s i t y  o f  1x10 p r o c y c l i c  t r y p a n o s o m e s / m l .  H ow ever,  t h e y  w e r e  
u s u a l l y  s u b c u l t u r e d  in  t h e  l a t e  l o g  p h a s e  when t h e  c u l t u r e  d e n s i t y  
w as a p p r o x i m a t e l y  5x10^ c e l l s / m l .  I n j e c t i o n  o f  t h e s e  T . b r u c e i , 
e x p e r i m e n t a l ly  induced t o  d i f f e r e n t i a t e  from  th e  b lo o d s tream  fo rm s  t o  
t h e  p r o c y c l i c  f o r m s ,  t o  f e m a l e  W i s t a r  r a t s  d i d  n o t  c a u s e  a n y  
i n f e c t i o n .  I n  th e s e  e x p e r im e n ts  f o u r  r a t s  w ere in n o c u la te d  eac h  w i th  
1 0 7 p r o c y c l i c  fo rm s  w h ic h  h a d  b e e n  i s o l a t e d  f ro m  f o u r  d i f f e r e n t  
c u l t u r e s  i n  t h e  lo g  g row th  p h ase .  I h e  in d u c t io n  o f  d i f f e r e n t i a t i o n  
i n t o  p r o c y c l i c  fo rm s  was a l s o  c o n f i r m e d  by t h e  l y s i s  o f  t h e  
t r y p a n o s o m e s  f ro m  t h e s e  c u l t u r e s  b y  e x p o s u r e  t o  human s e ru m  ( s e e  
C h ap te r  e i g h t ,  Appendix, f o r  d e t a i l s ) .
7 . 2 .2  E f f e c t  o f  ADPR t r a n s f e r a s e  I n h i b i t o r s  on M orphological 
D i f f e r e n t i a t i o n  o f  T .b r u c e i
The presen ce  o f  th e  enzyme ADPR-transferase and i t s  involvem ent
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i n  t h e  d i f f e r e n t i a t i o n  o f  T . c r u z i  h a s  a lr e a d y  been  rep o r te d  
( W i l l i a m s ,  1983b & 1 9 8 4 ) .  W il l ia m s  d e m o n str a te d  t h a t  c o m p e t i t i v e  
i n h i b i t o r s  o f  A D P R - t r a n s f e r a s e  s p e c i f i c a l l y  i n h i b i t e d  b o th  
in t r a c e l lu la r  and th e  e x t r a c e l lu la r  d i f f e r e n t i a t io n  o f  T .cruzi.
The c u l t u r e  s y s t e m  d e v e lo p e d  t o  s t u d y  t h e  d i f f e r e n t i a t i o n  o f  
b lo o d s tre am  form s o f  T .b ru c e i  t o  p r o c y c l i c  c e l l s  (see  s e c t i o n  7.2.1) 
was used t o  i n v e s t i g a t e  t h e  p o s s i b le  invo lvem ent o f  A D PR -transferase  
a c t i v i t y  in  t h e  d i f f e r e n t i a t i o n  o f  th e s e  o rg a n is im s .  The c o m p e t i t iv e  
i n h i b i t o r s  o f  A D P R - t r a n s f e r a s e ,  3 - a m in o b e n z a m id e  (3AB) and 3 -  
acetam idobenzam ide (3AAB) were used  i n  th e s e  s t u d i e s .
The e x p e r i m e n t s  w e r e  c a r r i e d  o u t  i n  T -25  f l a s k s  w i t h  10 ml o f  
c u l t u r e  m ed iu m /f la sk .  In c u b a t io n  began w i th  an i n i t i a l  c e l l  d e n s i ty
c
o f  5x10 f r e s h l y  i s o l a t e d  t r y p a n o s o m e s / m l  o f  SDM-79 medium m  t h e  
p r e s e n c e  o f  F i s h e r  r a t  e m b ry o n ic  f i b r o b l a s t s .  SDM-79 medium was 
s u p p le m e n te d  w i t h  10% (V/V) f e t a l  c a l f  s e ru m .  The r e q u i r e d  volum e 
from  a s to c k  s o l u t i o n  o f  (30 mM) c i s - a c o n i t a t e  was added t o  a l l  th e  
c u l t u r e s  t o  o b ta in  a  f i n a l  c o n c e n t r a t io n  o f  3 mM. I n h i b i t o r s  were 
a l s o  a d d e d  a t  t h e  i n d i c a t e d  c o n c e n t r a t i o n s  a n d  m a i n t a i n e d  
c o n t in u o u s ly  in  t h e  c u l t u r e .  A l l  c u l t u r e s  w ere in c u b a te d  o v e rn ig h t  
a t  37°C i n  an  a t m o s p h e r e  o f  5% CO2  and  95% a i r  a n d  t h e n  t r a n s f e r r e d  
t o  27°C.
In  t h i s  sy s tem  b lo o d s tr e a m  form s o f  T .b ru ce i  d i f f e r e n t i a t e d  t o  
p r o c y c l i c  f o r m s .  A f t e r  a b o u t  14 d a y s  a t  27°C t h e  num ber o f  
d i f f e r e n t i a t e d  p r o c y c l i c  f o r m s  t r y p a n o s o m e s  i n c r e a s e d  t o  
a p p r o x i m a t e l y  10^ c e l l s / m l .  C o m p e t i t i v e  i n h i b i t o r s  o f  ADPR- 
t r a n s f e r a s e  3AB an d  3AAB b o t h  s u b s t a n t i a l l y  r e d u c e d  t h e  num ber o f  
p r o c y c l i c  trypanosom es t o  a p p ro x im a te ly  10^ and 10^ c e l l s / m l  i n  2 mM 
and 5 mM 3AB, r e s p e c t i v e l y  (Fig. 7.2); and t o  a p p ro x im a te ly  2 x l0 5  and
2 x l 0 4  c e l l s / m l  i n  200 jiM an d  500 jiM 3AAB, r e s p e c t i v e l y  ( F ig .  7 .3 ) .  
These r e s u l t s  i n d i c a t e  t h a t  i n h i b i t i o n  o f  A D PR -transferase  a c t i v i t y  
b y  t h e  c o m p e t i t i v e  i n h i b i t o r s ,  3AB a n d  3AAB, a t  n o n - t o x i c  
c o n c e n t r a t i o n s ,  b lo c k s  t h e  in d u c t io n  o f  m o rp h o lo g ica l  d i f f e r e n t i a t i o n  
o f  b l o o d s t r e a m  f o r m s  o f  T . b r u c e i  t o  p r o c y c l i c  fo rm s .  At t h e  sam e 
c o n c e n t r a t i o n s  o f  i n h i b i t o r s ,  3AB and 3AAB, however, p r o l i f e r a t i o n  o f  
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F ig .  7 .2
E f f e c t  o f  A D P R - t r a n s f e r a s e  i n h i b i t o r  ( 3AB) on  m o r p h o l o g i c a l  
d i f f e r e n t i a t i o n  o f  T .b r u c e i . A l l  c u l t u r e s  w e re  i n c u b a t e d  o v e r n i g h t  
a t  37°C in  t h e  p r e s e n c e  o r  ab sen ce  o f  3AB and a l s o  i n  t h e  p r e s e n c e  o f  
3 mM c i s - a c o n i t a t e .  C u l t u r e s  w e re  t h e n  t r a n s f e r r e d  t o  27°C i n  t h e  
c o n t i n u e d  a b s e n c e  (•) o r  p r e s e n c e  o f  e i t h e r  2 mM (*) o r  5 mM (A) 3AB. 
Each p o in t  i s  t h e  mean o f  a t  l e a s t  4 s e p a r a t e  e x p e r im e n ts  i n  each  o f  
whcih trypanosom es w ere  c o u n te d  i n  d u p l i c a te s .  The b a r s  i n d i c a t e  t h e  
s t a n d a r d  e r r o r  o f  t h e  mean.
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F ig .  7 .3
E f f e c t  o f  A D P R - t r a n s f e r a s e  i n h i b i t o r  (3AAB) on  m o r p h o l o g i c a l  
d i f f e r e n t i a t i o n  o f  T .b ru c e i . A l l  c u l t u r e s  w e r e  i n c u b a t e d  o v e r n i g h t  
a t  3 7 °C i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  3AAB a n d  a l s o  i n  t h e  p r e s e n c e  
o f  3 mM c i s - a c o n i t a t e .  c u l t u r e s  w ere  th e n  t r a n s f e r r e d  t o  27°C i n  t h e  
c o n t i n u e d  a b s e n c e  ( • )  o r  p r e s e n c e  o f  e i t h e r  200 juM ( *  ) o r  500 >iM 
( * )  3AAB. Each p o i n t  i s  t h e  mean o f  a t  l e a s t  4 s e p a r a t e  e x p e r im e n ts  
i n  e ac h  o f  w hich  trypanosom es w ere  c o u n te d  i n  d u p l i c a t e s .  The b a r s  
i n d i c a t e  t h e  s t a n d a r d  e r r o r  o f  t h e  mean.
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7.3 Discussion
S e v e r a l  d i f f e r e n t  s t u d i e s  have s u g g e s te d  t h a t  A D P R -tran sfe ra se  
may p l a y  a  r o l e  i n  c e l l u l a r  d i f f e r e n t i a t i o n .  I n  h i g h e r  e u k a r y o t e s  
t h e  d i f f e r e n t i a t i o n  e v e n t s  a r e  u s u a l l y  e f f e c t i v e l y  i r r e v e r s i b l e ,  
w h e r e a s  i n  p r o t o z o a  t h e y  a r e  c y c l i c a l .  B o th  t y p e s  o f  c e l l  
d i f f e r e n t i a t i o n  a r e  more l i k e l y  t o  r e s u l t  from changes w hich  o ccu r  
e a r l y  i n  t h e  s e q u e n c e  o f  e v e n t s  r e q u i r e d  f o r  t h e  e x p r e s s i o n  o f  
g e n e t i c  in fo rm a t io n .
Many o f  t h e  s p e c i e s  i n  t h e  k i n e t o p l a s t i d a ,  w h ic h  a r e  o f  
c o n s id e r a b le  im p o r tan ce  a s  t h e  c a u s a t i v e  a g e n ts  o f  human o r  a n im a l  
d i s e a s e s ,  a r e  h e a v i l y  d e p e n d e n t  on m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  
d u r i n g  t h e i r  i n f e c t i o n  c y c l e s .  I n  p r o t o z o a ,  c e l l  d i f f e r e n t i a t i o n  
r e s u l t s  i n  a  s e r i e s  o f  t r a n s f o r m a t i o n s  t h r o u g h  m o r p h o l o g i c a l l y  
d i s t i n c t  s t a g e s  in  a c y c l e  w hich e v e n t u a l l y  rep ro d u ces  t h e  o r i g i n a l  
fo rm  o f  th e  o rganism . H ie se  t r a n s f o r m a t io n s  can now be s i m u l a t e d  in  
v i t r o . T .c ru z i  f o r  exam ple ,  d i f f e r e n t i a t e s  betw een a m a s t ig o t e ,  and 
e p i m a s t i g o t e  f o r m s  d u r i n g  i t s  l i f e  c y c l e  i n  v e r t e b r a t e  a n d  
i n v e r t e b r a t e  h o s t s  ( B r e n e r ,  1973 & 1981) .  E x p e r i m e n t a l l y  i n d u c e d  
d i f f e r e n t i a t i o n  o f  b l o o d s t r e a m  f o r m s  o f  T . b r u c e i  t o  t h e  p r o c y c l i c  
s t a g e  h a s  a l s o  b een  e x t e n s i v e l y  s t u d i e d .  D e s p i t e  t h e  f u n d a m e n t a l  
im p o r ta n c e  o f  c e l l  d i f f e r e n t i a t i o n  i n  th e  b io lo g y  o f  e u k a ry o te s ,  t h e  
u n d e r s t a n d i n g  o f  t h e  m e c h a n is m s  c o n t r o l l i n g  t h i s  p r o c e s s  i s  v e r y  
l i m i t e d .  However, s e v e r a l  r e p o r t s  have su g g es ted  t h a t  m o d i f i c a t io n  
o f  p r o t e i n s  by A D P R -transfe rase  i s  r e q u i r e d  f o r  c e l l  d i f f e r e n t i a t i o n  
( s e e  c h a p t e r  o n e ) .  I t  h a s  a l s o  b e e n  r e p o r t e d  t h a t  c o m p e t i t i v e  
i n h i b i t o r s  o f  A D P R - t r a n s f e r a s e  b l o c k  t h e  d i f f e r e n t i a t i o n  o f  c h i c k  
m y o b l a s t s  (F a rz a n e h  e t  a l . ,  1980 & 1 9 8 2 ) ,  t h e  m i t o g e n - i n d u c e d  
a c t i v a t i o n  o f  human p e r i p h e r a l  b lo o d  ly m p h o c y te s  ( J o h n s t o n e  a n d  
W i l l i a m s ,  19 8 2 ) ,  t h e  i n d u c t i o n  o f  f o e t a l  en zym es  i n  c u l t u r e d
h e p a t o c y t e s  ( A l t h a u s  e t  a l . ,  1 9 8 2 )  and i n t r a c e l l u l a r  and  
e x t r a c e l l u l a r  d i f f e r e n t i a t i o n  o f  T .c r u z i  ( W i l l i a m s ,  1983b & 1 984) .  
These rep orts  provided  th e  f i r s t  c le a r  ev iden ce  th a t  ADPR-transferase 
a c t i v i t y  i s  w id e ly  required  in  th e  d i f f e r e n t i a t i o n  o f  higher anim als.
The r e s u l t s  p r e s e n te d  i n  t h i s  work d e m o n s t r a te  t h a t  b lo o d s tre am  
f o r m s  o f  t h e  m o n o m o rp h ic  v a r i a n t  c l o n e s  o f  t h e  M ITat 1.1 u n d e rg o  
m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  a t  27°C i n  t h e  p r s e n c e  o f  3 mM c i s -  
a c o n i t a t e .  M orp h o lo g ica l  d i f f e r e n t i a t i o n  o f  b lo o d s tre a m  trypanosom es 
t o  p r o c y c l i c  f o r m s  o c c u r e d  w i t h i n  24 h o u r s  a f t e r  t h e  t r a n s f e r  o f  
p re a d a p te d  b lo o d s tre a m  trypanosom es from  37°C t o  27°C. The c o n t in u ed  
p re s e n c e  o f  t h e  mammalian f e e d e r  c e l l s  ( f o r  a t  l e a s t  48 hours) was 
r e q u i r e d  f o r  o p t i m a l  d i f f e r e n t i a t i o n  w i t h o u t  c e l l  d e a t h .  I n  
a d d i t i o n ,  t h e  c o n t in u e d  p re s e n c e  o f  c i s - a c o n i t a t e  (3 mM) was h ig h ly  
b e n e f i c i a l ,  b o t h  i n  i n c r e a s i n g  t h e  r a t e  o f  d i f f e r e n t i a t i o n  and  i n  
d e c r e a s i n g  c e l l  d e a t h  i n  t h e  e a r l y  s t a g e s .  C e l l  d i v i s i o n  d o e s  n o t  
o ccu r  u n t i l  t h e  l a t e r  s t a g e  o f  t h e  d i f f e r e n t i a t i o n  p ro c e s s  (48 hours)  
and seems t o  be c o n f in e d  t o  newly formed p r o c y c l i c  c e l l s .  T h is  work 
d e m o n s t r a te s  t h a t  c i s - a c o n i t a t e  (3 mM) can be  o f  g r e a t  p r a c t i c a l  u se  
i n  e x p e r im e n ts  w here r a p i d  d i f f e r e n t i a t i o n  o f  b lo o d s tre a m  monomorphic 
trypanosom es i s  r e q u i r e d .
As w i t h  T . c r u z i  ( W i l l i a m s ,  1 9 8 3 b  & 1 9 8 4 )  m o r p h o l o g i c a l  
d i f f e r e n t i a t i o n  i n  T . b r u c e i  c a n  b e  i n h i b i t e d  by b e n z a m id e  
d e r iv a t iv e s ,  th e  c o m p e t i t iv e  in h ib i to r s  o f  ADPR-transferase a c t iv i t y .  
The i n c l u s i o n  o f  t h e s e  i n h i b i t o r s  (3AB & 3AAB) in  th e  c u l t u r e s  
p r o d u c e d  a d r a m a t i c  r e d u c t i o n  i n  t h e  nu m ber o f  p r o c y c l i c  
trypanosomes.
Although th e  e f f e c t  o f  ADPR-transferase in h ib i t o r s  on the growth 
o f  th e  e x p er im en ta lly  d i f f e r e n t i a t e d  p r o c y c l ic  trypanosomes were not
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d i r e c t l y  s t u d i e d  (due  t o  l a c k  o f  t i m e ) ,  t h e  i n h i b i t o r y  e f f e c t  i s  
u n l i k e l y  t o  h a v e  b e e n  c a u s e d  b y  i n h i b i t i o n  o f  p r o l i f e r a t i o n  ( s e e  
s e c t i o n  6 .2 .1 ) .  The com pounds  t h e r e f o r e  a p p e a r  t o  a f f e c t  an  a s p e c t  
o f  c e l l u l a r  m e tab o l ism  w hich i s  in v o lv e d  s p e c i f i c a l l y  i n  t h e  p ro c e s s  
o f  d i f f e r e n t i a t i o n ,  a s  a l s o  s e e m s  t o  b e  t h e  c a s e  i n  t h e  c e l l s  o f  
h i g h e r  a n i m a l s  ( F a rz a n e h  e t  a l . ,  1980 & 1982 and  J o h n s t o n e  & 
W i l l i a m s ,  1982). The i n h i b i t i o n  o f  T .b ru c e i  d i f f e r e n t i a t i o n  in  t h i s  
e x p e r i m e n t a l  s y s t e m ,  by i n h i b i t o r s  o f  A D P R - t r a n s f e r a s e ,  s t r o n g l y  
s u g g e s t s  t h a t  t h e  enzyme a c t i v i t y  i s  r e q u i r e d  f o r  t h e  d i f f e r e n t i a t i o n  
o f  t h e s e  o rg an ism s .
In  o r d e r  t o  c o n f i r m  t h e  s p e c i f i c i t y  o f  t h e  e f f e c t  o f  ADPR- 
t r a n s f e r a s e  i n h i b i t o r s  t o  t h e  i n h i b i t i o n  o f  d i f f e r e n t i a t i o n  and n o t  
g ro w th  i t  would be h ig h ly  d e s i r a b l e  t o  s tu d y  t h e  e f f e c t  o f  ex posu re  
t o  t h e s e  i n h i b i t o r s  d u r i n g  s h o r t  i n t e r v a l s  (eg .  24 h o u r s )  a t  t h e  
s t a r t  o f  d i f f e r e n t i a t i o n .  C o r r e s p o n d i n g l y ,  e x p o s u r e  o f  t h e  f u l l y  
d i f f e r e n t i a t e d  c u l t u r e s  t o  t h e  i n h i b i t o r s  (eg .  a f t e r  1  w eek) w o u ld  
d e t e r m i n e  w h e t h e r  i n f a c t  t h e  g r o w th  o f  t h e  a l r e a d y  d i f f e r e n t i a t e d  
t ry p an o so m es  c o u ld  be  a f f e c t e d  by t h e  i n h i b i t i o n  o f  A D PR -transferase  
a c t i v i t y .  T h e s e  w o u ld  b e  i m p o r t a n t  e x p e r i m e n t s  e n a b l i n g  a  c l e a r  
d i s t i n c t i o n  be tw een  t h e  e f f e c t  o f  t h e  i n h i b i t o r s  on d i f f e r e n t i a t i o n  
a n d  t h e i r  p o s s i b l e  e f f e c t s  on  t h e  g r o w t h  o f  t h e  p r o c y c l i c  
t ry p an o so m es .
CHAPTER EIGHT
APPENDIX
Human Serum: A Tool t o  A ssess  th e  Induction o f  D i f f e r e n t ia t io n  
in  T .b ru ce i  from Bloodstream Forms t o  P r o c y c l ic  Forms
8.1 Introduction
Host range among trypanosomes o f  th e  bru cei subgroup o f  A fr ican  
tr y p a n o so m e s  a p p e a r s  t o  b e  d ep en d en t  i n  p a r t  on t h e  c y t o t o x i c  
p r o p e r t ie s  o f  normal (non-immune) serum o f  th e  mammalian h o s t .  The 
l y t i c  e f f e c t  o f  serum  i s  n o t  d ep en d en t  on  com plem ent and e x h i b i t s  
s p e c i f i c i t y  w i t h  reg a r d  t o  b o th  h o s t  and p a r a s i t e  ( R i f k in ,  1978).  
Thus, serum  from  p e r m i s s i v e  h o s t s  (eg .  r a t s ,  r a b b i t s )  i s  n o t  
c y t o t o x ic  fo r  T.brucei whereas serum from non-per m iss iv e  h o s ts  (eg. 
hum ans, baboons) l y s e s  t h e s e  tr y p a n o so m e s .  The t o x i c  e f f e c t  o f  
normal human serum on T.brucei was f i r s t  descr ib ed  by Laver an (1902). 
S in c e  t h a t  t i m e ,  many r e p o r t s  (York e t  a l . ,  1930; Rickman & R obson, 
1970 and Hawking, 1973) h ave  ap p ea red  on t h e  s e l e c t i v e  l y t i c  
p r o p e r t ie s  o f  human serum on th e  m o r p h o lo g ic a l ly  i n d i s t i n g u i s h a b l e  
tr y p a n o so m e s  o f  t h e  b r u c e i  group . The f a c t o r  in  human serum  
r e s p o n s i b l e  f o r  s e l e c t i v e  l y s i s  o f  T .b r u c e i  h a s  been  i d e n t i f i e d  a s  
h ig h -d e n s i ty  l ip c p r o te in  (HDL) (R ifk in ,  1978). R ifk in  reported th a t  
t h e  tryp an oc id a l p r o p e r t ie s  o f  human HDL were id e n t ic a l  t o  th o s e  o f  
u n f r a c t i o n a t e d  s e r u m .  T h i s  f i n d i n g  w as c o n f i r m e d  by t h e  
d e m o n s t r a t io n  t h a t  serum  from  p a t i e n t s  w ith  T an g ier  d i s e a s e ,  an 
a u to s o m a l  r e c e s s i v e  d i s o r d e r  c h a r a c t e r iz e d  by a sev ere  lack o f  HDL 
( F r e d e r ic k s o n  e t  a l . ,  1 9 7 2 ) ,  had no in  v i v o  or  in  v i t r o  l y t i c  e f f e c t  
on  T . b r u c e i  ( R i f k i n ,  1 9 7 8 ) .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  
s e n s i t i v i t y  o f  trypanosomes t o  serum l y s i s  may be dependent on the  
p a r t ic u la r  var ian t  su r fa c e  g ly c o p r o te in  (VSG) presen t on the  su r fa ce  
o f  th e  p a r a s i t e  (Van Meirvenn e t  a l . ,  1976). Trypanosomes are  coated  
w ith  about 10^ m o lecu les  o f  t h i s  s i n g l e  g ly c o p r o te in ,  (Cross, 1975 & 
1978) which p r o te c t  them from th e  mammalian h o s t 's  immune system.
In t i s s u e  c u l tu r e  exp erim ents,  S te in  and S te in  (1973) found th a t  
HDL was capable  o f  removing c h o le s t e r o l  from a r t e r i a l  smooth muscle
c e l l s .  A l th o u g h  c h o l e s t e r o l  r e m o v a l  i n  t h e s e  a n d  o t h e r  c e l l s  i s  
p ro b a b ly  m in im a l,  e x c e s s iv e  c h o l e s t e r o l  rem ova l i n  e r y th r o c y te s  can  
l e a d  t o  i n c r e a s e d  m em brane  p e r m e a b i l i t y ,  o s m o t i c  f r a g i l i t y ,  a n d  
e v e n t u a l l y  l y s i s  ( B r u c k d o r f e r  e t  a l . ,  1 9 6 9 ) .  HDL a p o p r o t e i n s  h a v e  
a l s o  been  shown t o  remove p h o s p h o l ip id s  from  L andshu tz  a s c i t e s  c e l l s  
( J a c k s o n  e t  a l . ,  1 9 7 5 ) .  The f i n d i n g  t h a t  l y s i s  o f  t r y p a n o s o m e s  by 
n o r m a l  human s e r u m  i s  t h e  r e s u l t  o f  a c u t e  d am ag e  t o  t h e  m em brane 
p e r m e a b i l i t y  p r o p e r t i e s  o f  t h e  p a r a s i t e  i s  c o n s i s t e n t  w i t h  t h e  
h y p o t h e s i s  t h a t  t h e  i n t e r a c t i o n  o f  human HDL w i t h  t h e  s u r f a c e  o f  
T .b ru c e i  may r e s u l t  i n  a  l e t h a l  a l t e r a t i o n  i n  t h e  l i p i d  co m p o s i t io n  
o f  t h e  p la sm a  membrane (R ifk in ,  1978). R i f k i n  (1978) su g g e s te d  t h a t  
t h e  e x t e n t  o f  damage m igh t depend on t h e  m agn itude  o f  t h e  d i f f e r e n c e  
b e t w e e n  t h e  c h o l e s t e r o l  t o  p h o s p h o l i p i d  r a t i o  o f  HDL and  t h e  
c h o l e s t e r o l  t o  p h o s p h o l i p i d  r a t i o  o f  t h e  p l a s m a  m em brane o f  
t r y p a n o s o m e s .  T he c h o l e s t e r o l  t o  p h o s p h o l i p i d  r a t i o  o f  HDL f ro m  
d i f f e r e n t  h o s t s  w o u ld  t h e n  d e t e r m i n e  t h e  e x t e n t  o f  c e l l u l a r  l i p i d  
r e m o v a l  among t r y p a n o s o m e s  o f  a g i v e n  s t r a i n .  Thus HDL f ro m  a 
p e r m i s s i v e  h o s t  ( r a t )  w o u ld  b e  e x p e c t e d  t o  re m o v e  r e l a t i v e l y  l e s s  
l i p i d  f ro m  T . b r u c e i  t h a n  HDL f ro m  a r e s t r i c t i v e  h o s t  (hum an). 
L i k e w i s e ,  i t  i s  p o s s i b l e  t h a t  d i f f e r e n c e s  i n  t h e  c h o l e s t e r o l  t o  
p h o s p h o l i p i d  r a t i o  o f  t h e  p l a s m a  m e m b r a n e s  o f  T . b r u c e i  a n d  
T . r h o d e s i e n s e  w o u ld  i n f l u e n c e  t h e  e f f e c t  o f  hum an HDL o n  t h e s e  tw o  
s p e c i e s .
A lt e r n a t iv e ly ,  th e  r e l a t i v e  r e s i s ta n c e  o f  T .rhodesiense to  l y s i s  
by  HDL might be due t o  th e  enhanced a b i l i t y  o f  t h e s e  trypanosomes t o  
re p a ir  t h e  membrane l e s i o n  caused by HDL.
The d i f f e r e n t i a t i o n  o f  th e  bloodstream  try p o m a st ig o te  forms o f  
T .b r u c e i  i n t o  t h e  p r o c y c l i c  c u l t u r e  fo r m s ,  w h ich  s u r v iv e  in  t h e  
t s e t s e  midgut, in v o lv e s  some ex te r n a l  m orphological changes combined
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w i t h  s e v e r a l  d r a m a t i c  i n t e r n a l  u l t r a s t r u c t u r a l  an d  p h y s i o l o g i c a l  
changes. One o f  th e s e  changes  i s  t h e  l o s s  o f  t h e  s u r f a c e  c o a t .
C o n s id e r in g  t h e  s p e c i f i c  l y s i s  o f  b lo o d s tre a m  form s o f  T .b ru ce i  
by  no rm al human serum a s  a  r e s u l t  o f  i n t e r a c t i o n  be tw een  t h e  serum  
HDL and trypanosom e s u r f a c e  i t  was r e a s o n a b le  t o  assume t h a t  s i n c e  
p r o c y c l i c  fo rm s o f  T .b ru ce i  l a c k  t h e  s u r f a c e  p r o t e i n  c o a t  th e y  m ight 
be much more s u s c e p t i b l e  t o  l y s i s  when exposed t o  human serum . The 
p o s s i b i l i t y  o f  u s in g  th e  d i f f e r e n t i a l  l y s i s  o f  t h e  b l o o d s t r e a m  an d  
p r o c y c l i c  fo rm s ,  by HDL, a s  a  t o o l  f o r  t h e  i d e n t i f i c a t i o n  o f  t h e  tw o 
fo rm s  o f  T .b ru c e i  i n  c u l t u r e  was i n v e s t i g a t e d .
8 .2  M a te r i a l s  and Methods
8 .2 .1  M a te r i a l s
8 . 2 . 1 . 1  T .b r u c e i ,  b lo o d s tre am  forms
T .b ru ce i  ( S t r a i n  MITat 1.1) b lo o d s t r e a m  fo rm s w ere  p u r i f i e d  from  
t h e  b lo o d  o f  i n f e c t e d  W is ta r  r a t s  ( s e e  s e c t i o n  3 . 2 . 1 . 8 ) .
8 . 2 . 1 . 2  T .b r u c e i ,  p r o c y c l i c  forms
a -  E x p e r im e n ta l ly  induced  d i f f e r e n t i a t i o n  o f  T .b ruce i w ere  u sed  
from  d i f f e r e n t  c u l t u r e s .
b -  P r o c y c l i c  form s o f  T .b r u c e i , e s t a b l i s h e d  in  c u l t u r e  from  an 
in o c u lu m  t a k e n  f ro m  t h e  m id g u t  o f  t s e t s e  f l y ,  w e re  p r o v i d e d  by 
Dr. W.Gibson, Dept, o f  P a th o lo g h y ,  U n iv e r s i t y  o f  B r i s t o l .
8 . 2 .2  Methods
8 . 2 . 2 . 1  P r e p a r a t io n  o f  Sera
Normal human b lo o d  was o b ta in e d  from h e a l th y  (p resum ably  n o n -
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immune) human v o l u n t e e r s  by v e n i p u n c t u r e .  T he  s a m p l e s  w e re  l e f t  
o v e r n i g h t  t o  c l o t .  A p p r o p r i a t e  v o lu m e s  o f  t h e  s e r u m  w ere  u s e d  f o r  
t r y p a n o c i d a l  a s s a y s .  R a b b i t  s e ru m  w as p r e p a r e d  a s  d e s c r i b e d  i n  
s e c t i o n  (3 .2 .1 .2 ) .  H ea t  i n a c t i v a t e d  f e t a l  c a l f  s e r u m  w as o b t a i n e d  
from  Gibco.
8 . 2 . 2 . 2  Assay f o r  t r y p a n o c id a l  a c t i v i t y
S t a n d a r d  _in v i t r o  i n c u b a t i o n  c o n d i t i o n s  w e r e  37°C  f o r  
b lo o d s t r e a m  form s and 27°C f o r  p r o c y c l i c  fo rm s  a t  a  c e l l  d e n s i t y  o f  
a p p r o x i m a t e l y  5x10^ t r y p a n o s o m e s / m l  o f  c u l t u r e  m e d iu m . F o r  
b lo o d s tr e a m  form s o f  T .b ru c e i  t h e  c u l t u r e  medium was DMEM, c o n t r o l  
t u b e s  w ere  su p p lem en ted  w i th  25% (V/V) r a b b i t  s e ru m  and e x p e r im e n ta l  
t u b e s  c o n t a i n e d  25% (V/V) human s e ru m .  T he  c u l t u r e  medium f o r  
p r o c y c l i c  fo rm s was SDM-79, c o n t r o l  tu b e s  c o n ta in e d  25% f e t a l  c l a f  
s e r u m ,  a l t e r n a t i v e l y  f o r  t h e  t r y p a n o c i d a l  a s s a y s  v a r i o u s  
c o n c e n t r a t i o n s  o f  hum an s e ru m  (5-25% V/V) w e re  a d d e d .  B oth  m e d ia  
c o n t a i n e d  2% g l u c o s e .  The num ber o f  i n t a c t  trypanosom es rem a in ing  
a f t e r  in c u b a t io n  w ere  c o u n ted  u s i n g  a  h a e m o c y t o m e t e r .  F r a c t i o n  o f  
ly s e d  trypanosom es w ere  d e te rm in e d  by s u b t r a c t i o n  o f  th e  number o f  
i n t a c t  trypanosom es  re m a in in g  from t h e  number p r e s e n t  a t  th e  s t a r t  o f  
in c u b a t io n .
8 .3  R e s u l t s
8 . 3 .1  E f f e c t  o f  Normal Human Serum on T .b r u c e i
When b lo o d s tre a m  fo rm s  o f  T .b ru c e i  w ere  t r e a t e d  w ith  25% (V/V) 
o f  u n f r a c t i o n a t e d  human se rum  t h e  a c t u a l  l y s i s  was p receed ed  by a  l a g  
p h a s e  o f  a b o u t  30 m i n u t e s  a f t e r  w h ic h  t h e  c o m p l e t e  l y s i s  o f  a l l  
t r y p a n o s o m e s  i n  t h e  i n c u b a t i o n  m i x t u r e  to o k  a p p ro x im a te ly  3 h o u rs .  
However try p an o so m es  i n  medium (DMEM) c o n t a i n i n g  25% r a b b i t  s e ru m
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w e r e  v e r y  a c t i v e  a n d  n o  t r y p a n o c i d a l  a c t i v i t y  w a s  o b s e r v e d  
o v e r  t h e  same p e r i o d s  o f  t im e  (F ig .  8 . 1 ) .
By c o n t r a s t ,  human serum  showed a d r a m a t ic  t r y p a n o c i d a l  e f f e c t  
o n  e s t a b l i s h e d  p r o c y c l i c  f o r m s  o f  T . b r u c e i  a t  a l l  c o n c e n t r a t i o n s  
u s e d ,  5-25%  (V /V ) .  T h e  l y s i s  o f  t h e  e s t a b l i s h e d  p r o c y c l i c  
t ry p an o so m es  began im m e d ia te ly  a f t e r  in c u b a t io n  i n  t h e  human serum  
c o n t a in in g  c u l t u r e s .  A l l  trypanosom es  w ere c o m p le te ly  l y s e d  w i th in  
1 5 ,  20 a n d  30 m i n u t e s  i n  t h e  p r e s e n c e  o f  25% (V /V ), 15% (V/V) and  
5% (V/V) human s e r u m ,  r e s p e c t i v e l y  ( F ig .  8.1). S i m i l a r l y  in  medium 
c o n t a i n i n g  25% (V/V) hum an s e ru m  t h e  i n  v i t r o  d i f f e r e n t i a t e d  
try p an o so m es  im m e d ia te ly  began l y s i s  and by a p p ro x im a te ly  15 m in u te s  
t h e  l y s i s  ap p ea red  t o  b e  co m p le te .  However t rypanosom es  i n  c o n t r o l  
c u l t u r e s  c o n t a i n i n g  25% f e t a l  c a l f  s e ru m  w e re  v e r y  a c t i v e  a n d  no 
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F ig .  8 .1
E f fe c t  o f  u n f r a c t i o n a t e d  human serum on b lo o d s tre am  and e s t a b l i s h e d  
p r o c y c l i c  trypanosom es. About 5x106  b l o o d s t r e a m  t ry p a n o s o m e s  w e re  
i n c u b a t e d ,  a t  37°C , w i t h  e i t h e r  25% (V/V) human ( o )  o r  25% (V/V) 
r a b b i t  s e ru m  (A). A l t e r n a t i v e l y  a b o u t  5 x l 0 6  e s t a b l i s h e d  p r o c y c l i c  
trypanosom es w ere in c u b a te d ,  a t  27°C, i n  medium c o n ta in in g  5% ( •  ), 
15% ( * )  and  25% ( * )  human s e ru m  o r  25% (V/V) f e t a l  c a l f  s e ru m  ( □ ) .  
The f r a c t i o n  o f  ly s e d  trypanosom es were d e te rm in e d  a s  d e s c r ib e d  in  
t h e  m e th o d s  ( s e c t i o n  8 . 2 .2 .2 ) .  Each p o i n t  i s  t h e  mean o f  2 s e p a r a t e  
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F ig .  8 .2
E f f e c t  o f  u n f r a c t i o n a t e d  h u m an  s e r u m  o n  b l o o d s t r e a m  a n d  
e x p e r im e n ta l ly  induced d i f f e r e n t i a t i o n  p r o c y c l i c  trypanosom es. About 
5 x l0 6  b lo o d s tre am  trypanosom es were in c u b a te d ,  a t  37°C, w i th  e i t h e r  
25% (V/V ) hum an  s e r u m  (O ) o r  25% (V/V) r a b b i t  s e r u m  ( A) .  
A l t e r n a t i v e l y  a b o u t  5x10^ e x p e r i m e n t a l l y  in d u c e d  d i f f e r e n t i a t i o n  
p r o c y c l i c  trypanosom es w ere in c u b a te d ,  a t  27°C, w i th  e i t h e r  25% (V/V) 
human serum ( * )  o r  25% (V/V) f e t a l  c a l f  serum ( □ ) .  The f r a c t i o n  o f  
l y s e d  t r y p a n o s o m e s  w e re  d e t e r m i n e d  a s  d e s c r i b e d  i n  t h e  m e th o d s  
( s e c t i o n  8 .2.2.2). Each p o in t  i s  t h e  mean o f  2 s e p a r a t e  e x p e r im e n ts  
i n  each  o f  which t ry p a n o sa n e s  w ere coun ted  in  d u p l i c a t e s .
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8.4 Discussion
These r e s u l t s  d e m o n s t r a te  t h a t  b o th  e s t a b l i s h e d  ( i s o l a t e d  from 
t h e  m idgut o f  t h e  f l y  and m a in ta in e d  i n  c u l t u r e )  and  e x p e r im e n ta l ly  
induced p r o c y c l i c  trypanosom es  cou ld  be  e f f i c i e n t l y  ly s e d  by norm al,  
non-immune, human serum . A lthough th e  b lo o d s tre a m  trypanosom es a l s o  
d i d  e v e n t u a l l y  l y s e  i n  t h e  p r e s e n c e  o f  25% (V/V) human s e r u m ,  t h i s  
w as a much s l o w e r  p r o c e s s .  T h i s  d i f f e r e n c e ,  m o s t  v i s i b l e  a f t e r  
a p p r o x i m a t e l y  15 m i n u t e s  o f  i n c u b a t i o n  i n  25% (V/V) human s e ru m ,  
c o u l d  b e  u t i l i s e d  a s  a  v e r y  e f f e c t i v e  a n d  c o n v e n i e n t  t o o l  f o r  
d i s t i n g u i s h i n g  b e t w e e n  t h e  b l o o d s t r e a m  an d  p r o c y c l i c  fo rm s  o f  
T .b ru c e i . T h is  d i f f e r e n c e  i n  s u s c e p t i b i l i t y  t o  l y s i s  i s  m ost l i k e l y  
d u e  t o  t h e  l o s s  o f  t h e  v a r i a b l e  s u r f a c e  g l y c o p r o t e i n  (VSG) c o a t  o f  
t h e  b lo o d s tr e a m  try p an o so m es  d u r in g  b o th  t h e i r  _in v iv o  and i n  v i t r o  
d i f f e r e n t i a t i o n  t o  t h e  p r o c y c l i c  fo rm s .  The a c t i v e  i n g r e d i e n t  o f  
b lo o d  r e s p o n s i b l e  f o r  t h e  l y s i s  has  p r e v io u s ly  b een  shown t o  be  th e  





T r e a tm e n t  o f  T . b r u c e i  w i t h  DNA d a m a g in g  a g e n t s ,  DMS and  i r ­
r a d i a t i o n  i n c r e a s e d  t h e  a c t i v i t y  o f  A D P R - t r a n s f e r a s e  i n  t h e s e  
o r g a n i s m s .  I n t e r e s t i n g l y ,  t h e  enzym e a c t i v i t y  w as fo u n d  t o  be  
h ig h e s t  when th e  c e l l u l a r  NAD c o n te n t  was d e c r e a s in g  a t  t h e  h ig h e s t  
r a t e .
DMS a m o n o - fu n c t io n a l  m e th y la t in g  agen t lo w ered  t h e  c e l l u l a r  NAD 
c o n te n t  i n  T .b ru ce i  i n  a  d o se  dependent manner up t o  300 uM. However 
h i g h e r  c o n c e n t r a t i o n s  o f  DMS d e l a y e d  t h e  o n s e t  o f  NAD d r o p  b y  some 
70-90 m in u te s  a f t e r  e x p o su re  t o  t h e  agen t.  The d e la y e d  o n s e t  o f  NAD 
r e d u c t i o n  i n  c e l l s  t r e a t e d  w i t h  h ig h  c o n c e n t r a t i o n s  o f  t h i s  DNA 
m e th y la t in g  ag en t c o u ld  o f  c o u rse  be due t o  e i t h e r  t h e  i n a c t i v a t i o n  
o f  t h e  enzym e i t s e l f  a n d / o r  t h e  d i r e c t  m e t h y l a t i o n  o f  t h e  ADPR 
a c c e p t o r  p r o t e i n s ,  t h u s  r e d u c i n g  t h e i r  e f f i c i e n c y  o r  c a p a c i t y  a s  
a c c e p t o r s  o f  A D P - r i b o s y l a t i o n .  The c e l l u l a r  NAD l e v e l  i n  T .b r u c e i  
t r e a t e d  w i t h  an y  c o n c e n t r a t i o n  o f  DMS u s e d  i n  t h i s  s t u d y  (10 /iM t o  
1 mM) d i d  n o t  r e c o v e r  u p  t o  3 h o u r s  o f  i n c u b a t i o n  a t  37°C. The NAD 
d r o p  c a u s e d  by DMS t r e a t m e n t  a t  an y  o f  t h e  c o n c e n t r a t i o n s  u s e d  was 
b lo ck ed  by th e  A D P R -tra n sfe ra se  c o m p e t i t iv e  i n h i b i t o r s  3AB and 3AAB. 
T h i s  was t h e  c a s e  e v e n  th o u g h  t h e r e  i s  a c o n s i d e r a b l e  q u a l i t a t i v e  
d i f f e r e n c e  in  th e  way t h a t  h ig h  o r  low c o n c e n t r a t i o n s  o f  DMS a f f e c t s  
t h e  NAD l e v e l s  i n  T . b r u c e i . I n  t h e  a b s e n c e  o f  DMS t r e a t m e n t  t h e  
i n h i b i t o r s  on t h e i r  own d i d  n o t  c a u s e  a d r o p ,  b u t  i n s t e a d  a  s l i g h t  
in c r e a s e  i n  t h e  c e l l u l a r  NAD l e v e l .
Y - r a d i a t i o n  a l s o  lo w ered  t h e  c e l l u l a r  NAD l e v e l  t o  minimum in  
abou t 5 m in u te s  i n  T .b ru c e i  i n  a dose  dependent m anner, however t h i s  
r e c o v e re d  t o  n ea r  n o rm a l  v a lu e s  w i th i n  15 m in u te s  o f  t r e a tm e n t .  This  
l o w e r i n g  o f  t h e  NAD c o n t e n t  i n  Y - i r r a d i a t e d  m a m m alian  c e l l s  i s
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u s u a l l y  a s s o c i a t e d  w i t h  an  ev en  m o re  r a p i d  i n c r e a s e  i n  t h e  ADPR- 
t r a n s f e r a s e  a c t i v i t y  (Skidmore e t  a l . ,  1979). The c e l l u l a r  NAD drop  
caused  by Y - i r r a d i a t i o n  in  T .b ru ce i  was b lo c k ed  by 3AAB. A n a ly s is  
o f  t h e  e f f e c t  o f  A D P R - t r a n s f e r a s e  i n h i b i t o r s  on t h e  n u c l e o i d  
s e d i m e n t a t i o n  r a t e  o f  t r y p a n o s o m e s  t r e a t e d  w i t h  e i t h e r  DMS o r  y  -  
r a d i a t i o n  d e m o n s t r a te d  th e  invo lvem en t o f  A D P R -transferase  a c t i v i t y  
i n  t h e  r e p a i r  o f  b o t h  t y p e s  o f  D M  dam age .  T h i s  i s  a l s o  e v i d e n t  i n  
t h e  e n h a n c e m e n t  o f  t h e  c y t o t o x i c  e f f e c t  o f  t h e s e  tw o  DNA d a m a g in g  
a g e n t s ,  by n o n - to x ic  c o n c e n t r a t i o n  o f  3AAB, on s u r v i v a l  and g ro w th  o f  
c u l tu r e d  try p an o so m es.
T h e r e  i s  no  d o u b t  t h a t  t h e  A D P R - t r a n s f e r a s e  i n h i b i t o r s  
e f f e c t i v e l y  s lo w  or prevent th e  DMS and Y - r a d ia t io n  induced l o s s  o f  
NAD w i t h i n  c e l l s .  T h is  c o n f i r m s  t h a t  t h e  en zy m e  i s  i n d e e d  
r e sp o n s ib le  fo r  th e  DNA damage induced NAD lo s s .
In  o r d e r  t o  f a c i l i t a t e  t h e  s tu d y  o f  A D PR -transferase  d u r in g  DNA 
r e p a i r  a n d  c e l l u l a r  d i f f e r e n t i a t i o n  a n  e f f i c i e n t  i n  v i t r o  c u l t u r e  
s y s t e m ,  p e r m i t t i n g  t h e  c o n t i n u o u s  g r o w th  ( s e e  c h a p t e r  5) a n d  
d i f f e r e n t i a t i o n  ( s e e  c h a p t e r  6 ),  o f  T . b r u c e i  w as d e v e lo p e d .  U s in g  
t h i s  sy s tem  t h e  h ig h e s t  n o n - to x ic  c o n c e n t r a t i o n  o f  A D PR -transferase  
i n h i b i t o r s  3AB a n d  3AAB w e r e  f o u n d  t o  b e  2 mM an d  2 0 0  ^ M , 
r e s p e c t i v e l y .  T he  i n  v i t r o  s y s t e m  a l s o  p r o v e d  v e r y  u s e f u l  f o r  t h e  
s tu d y  o f  e f f e c t  o f  damaging a g e n ts  on t h e  trypanosom es in  c u l t u r e  and 
t h e  a s s e s s m e n t  o f  t h e  e f f e c t  o f  A D P R - t ra n s fe ra s e  i n h i b i t o r s  on t h e  
re c o v e ry  o f  t h e  trypanosom es from DNA damage.
Study o f  t h e  c y t o t o x i c  e f f e c t  o f  DMS and Y - r a d i a t i o n  on 
cu ltu red  T .brucei demonstrated th a t  trypanosome s u r v iv a l  and growth  
i s  v e r y  s e n s i t i v e  t o  t h e s e  DNA d am aging a g e n t s .  However when 
t r y p a n o so m e s  w ere  ex p o sed  t o  up t o  15k rad  o f  Y - r a d i a t i o n ,  t h e
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c e l l u l a r  NAD l e v e l  r e c o v e r e d  t o  c o n t r o l  l e v e l s  w i t h i n  15 m i n u t e s .  
T h is  i n d i c a t e s  t h a t  i n  y  - i r r a d i a t e d  t r y p a n o s o m e s  t h e  c e l l u l a r  NAD 
l e v e l  i s  n o t  an im p o r ta n t  i n d i c a t o r  o f  t h e  p o t e n t i a l  a b i l i t y  o f  t h e  
trypanosom es t o  s u rv iv e  and  re c o v e r  from th e  DNA damage.
I t  h a s  been shown t h a t  t h e  c o m p e t i t i v e  i n h i b i t o r s  o f  ADPR- 
t r a n s f e r a s e  a c t i v i t y  a l s o  i n h i b i t  th e  d i f f e r e n t i a t i o n  o f  c h ic k  
m y o b la s t s  (Farzaneh e t  a l . ,  1980 & 1 9 8 2 ) ,  t h e  m ito g e n - in d u c e d  
a c t i v a t i o n  o f  human p e r i p h e r a l  b lo o d  ly m p h o c y te s  (J o h n s to n e  & 
W i l l i a m s ,  1982),  t h e  in d u c t i o n  o f  f o e t a l  en zym es i n  c u l t u r e d  
h e p a t o c y t e s  ( A l t h a u s  e t  a l . ,  1982) and i n t r a c e l l u l a r  and  
e x t r a c e l lu la r  d i f f e r e n t i a t i o n  o f  Trypanosoma c r u z i  (W il liam s, 1983b & 
19 8 4 ) .  In none o f  t h e s e  s t u d i e s  d id  t h e  i n h i b i t i o n  o f  ADPR- 
t r a n s f e r a s e  a c t i v i t y  i n h i b i t  c e l l  p r o l i f e r a t i o n .  I n v e s t ig a t io n  o f  
th e  e f f e c t  o f  ADPR-transferase in h ib i to r s  on the  s u r v iv a l  and growth 
o f  c u l t u r e d  T .bruce i a l s o  c o n f ir m e d  th a t  t h e s e  i n h i b i t o r s ,  3AB and 
3AAB (at n on -tox ic  c o n c e n tr a t io n s ) ,  enhanced th e  c y t o t o x ic i t y  o f  DMS 
t r e a t m e n t  and Y - i r r a d i a t i o n .  However th e y  d id  n o t ,  a t  t h e s e  
co n cen tra t io n s ,  a f f e c t  th e  c e l l  growth and p r o l i f e r a t io n .  N cn-tox ic  
c o n c e n t r a t i o n s  o f  t h e s e  i n h i b i t o r s  a ls o  blocked th e  ex p er im en ta lly  
induced d i f f e r e n t i a t io n  o f  b loodstream  forms o f  T.brucei t o  p r o c y c l ic  
forms. These dem onstrations provide  further ev idence  su g g e s t in g  that  
ADPR-transferase a c t i v i t y  may be a general requirement fo r  c e l lu la r  
d i f f e r e n t i a t i o n  but not p r o l i f e r a t io n .
The m o le c u la r  b a s i s  f o r  t h e  req u irem en t  o f  A D P R -tra n sfera se  
a c t i v i t y  in  the rep a ir  o f  DNA strand-breaks i s  not f u l l y  understood. 
However i t  h as  a lr e a d y  b een  e s t a b l i s h e d  t h a t  A D P R -tr a n s fe r a se  
a c t i v i t y  i s  required fo r  th e  e f f i c i e n t  l i g a t io n  o f  DNA stran d s  during  
th e  e x c i s io n  repair o f  DNA. I t  i s  p o s s ib le  th a t  th e  m olecular reason  
fo r  th e  requirement o f  ADPR-transferase a c t i v i t y  during th e  rep a ir  o f
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DNA s t r a n d - b r e a k s  f o rm e d  by  e x p o s u r e  t o  DNA d am ag in g  a g e n t s  ( f o r  
r e v i e w  s e e  S h a l l ,  1984 & 1 9 8 4 a ) ,  o r  t h e  r e p a i r  o f  p h y s i o l o g i c a l  DNA 
s t r a n d - b r e a k s  f o r m e d  d u r i n g  c e l l u l a r  d i f f e r e n t i a t i o n  i s  t h e  
i n v o l v e m e n t  o f  t h i s  enzym e i n  b o th  p r o c e s s e s  o f  DNA s t r a n d - b r e a k  
l i g a t i o n .  T h e  DNA s t r a n d - b r e a k  f o r m a t i o n  h a s  b een  r e p o r t e d  i n  a 
num ber o f  e x a m p l e s  o f  c e l l u l a r  d i f f e r e n t i a t i o n  ( s e e  s e c t i o n  1 .5 ) .  
F a r z a n e h  e t  a l . ,  (1987) r e p o r t e d  t h e  t r a n s i e n t  f o r m a t i o n  o f  DNA 
s t r a n d - b r e a k s  d u r in g  t h e  induced  m y e l o c y t i c  d i f f e r e n t i a t i o n  o f  t h e  
human p r o m y e lo c y t i c  leukaem ic  c e l l  l i n e ,  HL-60, i n  c u l tu r e  and t h a t  
t h e  s u b s e q u e n t  l i g a t i o n  o f  t h e s e  b r e a k s  r e q u i r e s  n u c l e a r  ADPR- 
t r a n s f e r a s e  a c t i v i t y .  The a c t i v i t y  o f  t h i s  enzyme was a l s o  r e p o r te d  
t o  be r e q u i r e d  i n  m o rp h o lo g ica l  d i f f e r e n t i a t i o n  o f  Trypanosoma c r u z i  
(W il l i a m s ,  1983b & 1984) and th e  a n t i g e n i c  s w i tc h in g  in  Trypanosoma 
b r u c e i  ( c o r n e l i s s e n  e t  a l . ,  1 9 8 5 ) .  D e s p i t e  t h e  f u n d a m e n t a l  
i m p o r t a n c e  o f  c e l l u l a r  d i f f e r e n t i a t i o n ,  t h e  u n d e r s t a n d i n g  o f  t h e  
m e c h a n is m s  c o n t r o l l i n g  t h i s  p r o c e s s  i s  v e r y  l i m i t e d .  DNA s t r a n d -  
b reak  f o r m a t io n  may be r e q u i r e d  f o r  a l t e r a t i o n s  in  gene e x p re s s io n  
which i s  n e c e s s a r y  f o r  c e l l u l a r  d i f f e r e n t i a t i o n .
In c o n c l u s i o n  t h e  e v id e n c e  p r e s e n t e d  h e r e  d em o n str a te s  t h e  
involvem ent o f  ADPR-transferase a c t i v i t y  in  both th e  d i f f e r e n t ia t io n  
and t h e  r e c o v e r y  o f  tr y p a n o so m e s  e x p o s e d  t o  DNA damaging a g e n t s .  
A lth o u g h  t h e  p r e c i s e  m o le c u la r  r e a s o n  f o r  t h i s  in v o lv e m en t  i s  n o t  
f u l l y  understood, th e  presen t w eight o f  ev id en ce  su g g ests  that i t  may 
be due t o  th e  requirem ent o f  t h i s  enzyme in  th e  e f f i c i e n t  l i g a t io n  o f  
DNA s t r a n d - b r e a k s ,  be  th e y  form ed by Y - i r r a d i a t i o n ,  r e p a ir  o f  th e  
damaged b a s e s  a f t e r  ex p o su r e  t o  a m e t h y la t in g  a g e n t ,  or t h e  
p h y s i o l o g i c a l  DNA s t r a n d - b r e a k s  f o r m e d  d u r in g  c e l l u l a r  
d i f f e r e n t i a t i o n  (probably for  r e g i o n a l  c h r o m a t in  r e l a x a t i o n  a n d /o r  
c o n d e n s a t io n ) .
174
REFERENCES
A dam ietz , P. and H i l z ,  H. (1975) Biochem. Soc. T ra n s .  3 ,  118-1120.
A d a m ie tz ,  p. and H i l z ,  H. (1976) Hoppe Se Y le r s ,  Z. P h y s i o l .  Chem. 
357, 527-534.
Agemori, M.; Kagamiyama, H., N is h ik im i;  M. and S h iz u ta ,  Y. (1982) 
A rch. Biochem. B iophys. 215, 621-627.
A lk h atib ,  H.M.; Chen, D.; Cherney, B.; B hatia , K .; N o ta r io ,  V . ;
G i r i ,  C.; S te in ,  G.; S la t t e r y ,  E.; Roeder, R.G. and Smulson, M.E.
(1987) Proc. N a t l .  Acad. S c i .  84, 1224-1228.
A l-M uhtaseb, S. (1985) Ph.D. T h e s i s ,  U n iv e r s i ty  o f  Bath .
A l s h a r i f ,  M.; Whish, W.J.D.; F arzaneh ,  F. and E i s e n th a l ,  R. (1986a) 
Biochem. Soc. T ran s .  14, 105-106.
A l s h a r i f ,  M.; Whish, W.J.D.; F a rzan eh ,  F. and E i s e n th a l ,  R. (1986b) 
Biochem. Soc. T ran s .  14, 486-487.
A l t h a u s ,  F.R.; L a w re n c e ,  S.D.; He, Y.Z.; S a t t l e r ,  G.L.; T s u k a d a ,  Y. 
and  P i t o t ,  H.C. (1982) N atu re  300, 366-368.
A lt h a u s ,  F.R.; H i l z ,  H. and S h a l l ,  S. (ed s .)  (1985) A D P - r ib o s y la t io n  
o f  p r o te in s .  S p r in ger-ver lag  B e r l in .
684-710.
Apted, F.I.C., Treatment o f  human trypanosom iasis . In "Mulligan Hw, 
ed. The African Trypanosomiasis" London: A llen  and Unwin (1970) 
684-710.
175
Apted, F.I.C., P r e s e n t  S t a t u s  o f  Chemotherapy and Chem oprophylaxis o f  
human t ry p a n o s o m ia s i s  i n  E a s te rn  Hemisphere. Pharm acol. Ther. (1980) 
11, 391-413.
B a lb e r ,  A .E . ,  (1983) S c ie n c e  220, 421-423.
B a l t z ,  T. B a l t z ,  D ., G i r o u d ,  Ch. and  C r o c k e l l ,  J . ,  EMBO J o u r n a l  
(1985) V o l.  4 ,  No. 5 , 1273-1277.
B a rry ,  J .D .  and Vi eke r  man, K. (1979) Exp. P a r a s i t o l .  48, 313-324.
Beckner, S .K .;  B lech er ,  M. (1981) Biochem. Biophys. Acta.
673, 477-486.
B e n ja m in ,  R.C. an d  G i l l ,  D.M. (1978) i n  UCLA Symp. Mol. C e l l .  B i o l .
9 ,  337-340.
B e n ja m in ,  R.C. and  G i l l ,  D.M. (1980a) J .  B i o l .  Chem.
255, 10493-10501.
B e n ja m in ,  R.C. an d  G i l l ,  D.M. (1980b) J .  B i o l .  Chem.
255, 10502-10508.
B e r g e r ,  N.A.; P e t z o l d ,  S .J .  and  J o h n s o n ,  E.S. (1977) B iochem .
Biophys. A cta. 478, 44 -58 .
B e rg e r ,  N .A .; B e rg e r ,  S . J . ;  C a t in o ,  D.M. (1982) N a tu re .
299, 271-273.
B e rg e r ,  N .A .; C a t in o ,  D.M.? V i e t t i ,  T. (1982) Cancer Res.
42, 4382-4386.
B e r g e r .  N.A.; W ebe r ,  G. and  K a i c h i ,  A.S. (1978a)  B iochem . B io p h y s .  
A c ta .  519, 87 -104 .
176
B e r g e r ,  N.A.; W eber, G.? K a ic h i ,  A.S. an d  P e t z o l d ,  S .J . (1978b) 
Biochem. B iophys. A cta . 519, 1 0 5 -1 1 /.
B e r g e r ,  N.A.; W eber, G.; K a ic h i ,  A .S .; S te w a rd ,  P.G .; K le r e c z ,  R .R.; 
F o r r e s t ,  G .L . and G ro ss , S.D. (1978c) Exp. C e l l .  R es. 117, 127-135.
B e r g e r ,  N.A., S i k o r s k i ,  G.W., P e t z o l d ,  S .J . an d  K u ro h a ra ,  K.K.,
(1 9 7 9 ) , J .  C lm . I n v e s t .  63 , 1164-1171.
B e r g e r ,  N.A.; S i k o r s k i ,  G.W.; P e t z o l d ,  S .J . an d  K u ro h a ra ,  K.K.,
(1980) B iochem ., 1 9 , 289-293.
B e r g e r ,  N.A. an d  S i k o r s k i ,  G.W. (1981) B io c h em is try . 20, 3610-3614.
B ie n e n ,  E .J .,  H am m adi, E ., H i l l ,  G.C. (1981) Exp. P a r a s i t o l .
51 , 408-417 .
B o h r in g e r , S. and H ecker, H. (1974) J .  P r o to z o o l . ,  21 , 694-698.
Bowman, I.B .R .; S r i v a s t a v a ,  H.K.; F ly n n ,  I.W. (1 9 7 2 ). In  "H. Van den  
B ossche(ed) co m parasive  b io c h e m is try  o f  p a r a s i t e s "  Academic P re s s  
New York London, 329-342.
Bowman, I.B.R., F lynn , I.W. (1976) In  "B iology o f  th e  K in e to p la s t id a ,  
e d . W.H.R. L um sden, D.A. E vans" 1 , 1 -3 4 . London: A cad em ic .
B ra c k ,  C h.; D e la in ,  E.; R io u , G .; F e s t y ,  B ., J .  U l t r a s t r u c t .  R es . 
(1972) 3 9 , 568-579.
B r e d e h o r s t ,  R .; G o e b e l, M.; R e n z i ,  F .; K i t t l e r ,  M.; K la p p r o th ,  K. and  
H i lz ,  H. (1979) H o p p e-sey le rs  z. P h y s io l .  Chem. 360, 1737-1743.
B re d e h o rs t ,  R.? K lap p ro th , K.? H i lz ,  H; S ch e id eg g e r, C. and G e r is c h , 
G. (1980) C e l l  D i f f e r e n t i a t i o n .  9 ,  95 -103 .
177
B re d e h o rs t, R.; S c h lu te r ,  M.M. and H ilz ,  H. (1981) Biochem. Biophys. 
A cta . 652, 1 6 -2 8 .
B ren er, z. (1973) B io logy  o f  Trypanosoma c r u z i  A nnual R eview s o f  
M icro b io lo g y . 27, 347-383.
B ern er, z. (1981) C hagas' D isea se . In  "Modern G e n e tic  C oncep ts and 
T echniques in  th e  S tudy  o f  P a r a s i t e s "  (M ich a l, F . e d ) .  345-363.
Brohn, F.H . and C la rk so n , A.B. (1978) ACta T rop . 3 5 , 2 3 -3 3 .
B row n, R.C.; E v a n s , D.A. an d  V ic k e rm a n , K. (1973 ) I n t .  J .  P a r a s i t o l .  
3 , 691-704.
B r u c k d o r f e r ,  K.R.; D em el, R.A.; d e  G ie r ,  J .  and  Van D een en , L.L.M. 
(1969) Biochem. B iophys. A c ta . 183, 334-345.
B ru n , R .; J e n n i ,  L .; T a n n e r ,  M.; S c h o n e n b e rg e r ,  M.; S c h e l l ,  K .F.; 
A c ta . T rop . (1979) 36 , 387-390.
Brun, R. and S ch o nenberge r, M., C u l t iv a t io n  and i n  v i t r o  c lo n in g  o f  
p r o c y c l ic  c u l tu r e  fo rm s o f  T .b ru ce i in  a s e m i-d e f in e d  medium. A cta. 
T rop . (1979) 36 , 289-292.
B ru n , R .; J e n n i ,  L.; S c h o n e n b e rg e r ,  M.; S c h e l l ,  K .F ., J .  P r o to z o o l
(1981) 2 8 (4 ) ,  470-479.
Brun, R .;  S chon en b erg e r, M.; Z. P a ra s ite n k d  (1981) 66, 17 -2 4 .
B run, R .;  H ecker, H .; J e n n i ,  L .;  Moloo, S .K ., A c ta . T rop . (1984)
41, 117-129.
B uch, L .; S t r e e t e r ,  D.; H a lp e rn ,  R.M.; S im on , L.N.; S t o u t ,  M.G. and  
S m ith , R.A. (1972) B io ch em istry  11 , 393-397.
178
B u r t s c h e r ,  H .J .; A v e r, B.; K lo c h e r ,  H.; S c h w e ig e r ,  M.; H i r s c h -  
K auffm ann, M. (1986) A nal. Biochem. 1 5 2 (2 ) , 285-290.
B u rz io , L.O. and  K oide, S .S . (1979) Ann. N.Y. Acad. S c i .
286, 398-407.
B u r z io ,  L.O.; S a e z , L. and  C o r n e jo ,  R. (1981) B iochem . B io p h y s . R es . 
Commun. 103, 369-375.
C apbern, A.; G iroud , C.; B a l tz ,  T. and M a tte rn , P. (1977) Trypanosoma 
egu iperdum : E trd e  d e s  v a r i a t io n  a n t ig e n iq u e s  au  c o u rs  de l a  
trypanosom e e x p e rim e n ta le  du la p in  E x p erim en ta l P a ra s i to lo g y .
4 2 , 6 -1 3 .
C a p la n ,  A .I . an d  R o s e n b e rg , M .J. (19 7 5 ) P ro c . N a tn . A cad. S c i .  USA. 
72 , 1852-1857.
C ap lan , A .I .  (1976) J .  Em bryol. Exp. M orphol. 36, 175-181.
C ap lan , A .I. (1980) In  "Novel A D P -rib o sy la tio n s  o f  R e g u la to ry  Enzymes 
and P ro te in s "  (Eds. M. Smulson and T. Sugim ura) E ls e v ie r ,  N orth 
H o lla n d , 315-324.
C a r t e r ,  S.G. an d  B e rg e r ,  N.A. (1 9 8 1 ) F ed . P ro c . F ed . Am. Soc. Exp. 
B io l .  4 0 , 1762.
C a r t e r ,  S .G . and B e rg e r, N.A. (1982) B io c h em is try . 21 , 5475-5484.
C a s s e l ,  D .; P f e v f f e r ,  T. (1978) P ro c . N a t l .  Acad. S c i .  USA 
75 , 2669-2673.
C a s t e l l o t ,  J . J . ;  M i l l e r ,  M.R. an d  P a r d e e ,  A.B. (1978) P ro c . N atn . 
A cad. S c i .  USA 75, 351-355.
Chambon, P.; W e i l l ,  J.D. and M andel, p. (1963) Biochem. B iophys.
179
R es. Commun. 11, 3 9 -43 .
Cham bon, P. W e i l l ,  J .D .,  D o ly , J .  S t r o s s e r ,  M.T. and  M an d e l, P.
(1966) Biochem. B iophys. R es. Comnun. 2 5 , 638-643.
C la r k ,  J .B .;  F e r r i s ,  G.M. an d  P in d e r ,  S. (1971) B io ch em . B io p h y s . 
A c ta . 238, 82 -85 .
Claycomb, W.C. (1976) Biochem. J .  154, 387-393.
C le a v e r ,  J.E .?  B o d e l l ,  W .J., M organ , W.F. an d  Z e l l e ,  B. (1983)
J .  B io l .  Chem. 258, 9059-9068.
C le a v e r ,  J .E .  and M organ, W.F. (1987) Exp. C e l l .  R es . 172, 258-264.
C ohen , J . J .  and  B e r g e r ,  N.A. (1981) B iochem . B io p h y s . R es . commun. 
98 , 268-274.
C ohen , J . J . ,  C a t in o ,  D.M.; P e t z o l d ,  S .J .  and  B e r g e r ,  N.A. (1982) 
B io ch em istry  21 , 4931-4940.
C o l l in ,  P .B . and C haykin , S. 1972, J .  B io l .  Chem. 247-778.
C o r n e l i s s e n ,  A.W.C.A.; M ic h e ls ,  P.A .M .,; B o r s t ,  P; S p a n y e r ,  W.; 
V e r s lu iy s -B ro e r s ,  J.A.M.; Van d e r M eer, C.; F arzan eh , F. and S h a l l ,  
S . (1985) Biochem. P harm acol. 34 , 4151-4156.
C re is s e n ,  D. and S h a l l ,  S. (1982) N a tu re . 296, 271-272.
C ro s s , G .A.M .; M anning, J . C . ,  P a r a s i t o l .  (1973) 67 , 315-331.
C r o s s ,  G.A.M., (1975) P a r a s i t o l .  71, 393-417.
C ro s s , G.A.M. (1978) P ro c . R. Soc. Lond. B 2 02 ,55 .
Cunningham, I . ;  H on ig b erg , B.M .; S c ie n ce  (1977) 197, 1279-1282.
180
Cunningham, I . ;  T a y le r ,  A.M. J .  P r o to z o l l .  (1979) 26, 428-432.
Cunningham, I . ,  J .  P ro to z o o l. (1979) 2 4 , 325-329 .
C z ich o s , J . ;  N onnengaesser, C. and O v era th , P. (1986) Exp. P a r a s i t o l .  
6 2 (2 ) ,  283-291 .
D anper, D .; P a t to n ,  C .L .,  Biochem. P harm acol. (1976) 25, 271-276.
D a v ie s ,  M .I .;  H a l ld o r s o n ,  H .; S h a l l ,  s .  a n d  S k id m o re , C.J. (1976)  
Biochem . S o c . T ra n s . 4 , 635-637.
D a v ie s ,  M .I .; G ra y , D.A.; H a l ld o r s o n ,  H .; N duka, N.; S h a l l ,  S. an d  
S k idm ore , C .J. (1977) 1 1 th  FEBs Met t i n g ,  Copenhagen 1977. A b s tra c t  B 
8 -1 , 552 .
D a v ie s ,  M .I; H a l ld o r s o n ,  H.; N duka, N.; S h a l l ,  S. an d  S k id m o re , C .J.
(1978) Biochem . Soc. T ran s . 6 , 1056-1057.
De W o lf ,  M .J .S .; V i t t i ,  P .; A m b e s i- Im p io m b a to , F .S .; K ohn, L.D.
(1981) J .  B io l .  chem. 256, 12287-12296.
D ig b y , J . ;  H a r r i s o n ,  R.; J e h a n l i ,  A.; L u n t ,  G.G. an d  C l i f o r d - R o s e ,  F. 
(1985) M uscle  and N erve. 8: 595-605.
D o ly e ,  J .  a n d  P e te k ,  F. (1966) C.R. A cad. S c i .  ( P a r i s ) .
236 , 1341-1344 .
D o y le ,  J . J . ;  H iru m i,  H.; deG ee , A.L.W., P r o c e e d in g s  o f  a  w o rk sh o p  
h e ld  i n  N a iro b i i n  1978. I n te r n a t io n a l  D evelopm ent R esearch  C en tre  
199 , 4 4 -4 5 .
D oyle, J . J . ;  H iru m i, H.; H irum i, K., In  "The _in v i t r o  c u l t i v a t io n  o f  
t h e  p a th o g e n s  o f  t r o p i c a l  d is e a s e s "  B ase l: Schwabe (1980) 213-215 
( T r o p ic a l  D is e a se  R esearch  S e r ie s  No. 3 ) .
181
D u rk a c z , B.W.; O m i d i j i ,  0 . ;  G ra y , D.A. and  S h a l l ,  S. (1980 ) N a tu r e  
288 , 593-596.
D u rk a c z , B.W.; I r w i n ,  J .  a n d  S h a l l ,  s .  (1981a) E u r . J .  B iochem .
121 , 65 -69 .
D u rk a c z , B.W.; I r w i n ,  J .  a n d  S h a l l ,  S. (1981b) B iochem . B io p h y s . R es. 
Commun. 101, 1433-1441.
D u rra n t, L.G.; M arg ison , G.P. and  B oyle, J.M. (1981) C a rc in o g e n e s is  
2 , 1013.
D u rra n t,  L.G. and B o y le , J .M . (1982) Chem. B io l .  I n t e r a c t i o n s .
3 8 , 325.
E lk in d , M.M. and W hitm ore, C.F. (1967) In  " The r a d ia t io n  o f  c u l tu r e d  
mammalian c e l l s " .  Gordon an d  B reach , p7 .
E nglund, P.T.; K in e ta p la s t  DNA. In  "Levandowsky, M.; H u n te rs , S.H. 
e d s . B io c h e m is try  and  P h y s io lo g y  o f  p ro to zo a"  V ol. 4, 2nd. Ed.
New York: Academic P r e s s ,  (1981) 333-383.
E n g lu n d , P .T .; H a jd u k , S.L. M a r in i ,  J .C .,  The m o le c u la r  b io lo g y  o f  
try p an o so m es . Ann. Rev. Biochem. (1982) 51, 695-726.
E vans, D.A. and Brown, R .C . (1972) J .  P ro to z o o l. 19 , 686-690.
Evans, D.A., A fr ic a n  Trypanosom es. A n tib io t .  Chem other. (1981)
3 0 , 272-287 .
Evans and  Brown (1971) N a tu re ,  30 , 251-252.
F a ir la m b , A .H .; Bowman, I .B .R . ,  E x p t. P a r a s i t o l .  (1977) 4 3 , 353-361.
F a ir la m b , A.H. and Bowman, I .B .R . (1980) Biochem. P a r a s i t o l .
1, 315-333.
182
F a rz a n e h , F . and P e a rso n , C.K. (1977) Biochem . Soc. T ran s .
5 ,  733-734 .
F a rz a n e h , F . and P e a rso n , C.K. (1978) Biochem . B iophys. R es. commun. 
84 , 537-534 .
F a rz a n e h , F. and P e a rso n , C.K. (1979) Dev. B io l .  72, 254-265.
F a r z a n e h ,  F .; S h a l l ,  S. and  z a l i n ,  R. (1 9 8 0 ) ,  I n :  "N ovel ADP- 
r i b o s y l a t i o n s  o f  R e g u la to ry  Enzymes and P ro te in s "  (Eds. M. Sm ulson 
and  T. Sugim ura) E l s e v ie r ,  N orth  H o lla n d , 217-224.
F a r z a n e h ,  F .; Z a l i n ,  R.? B r i l l ,  D. and S h a l l ,  s .  (1982) N a tu r e ,
300 , 362-366 .
F a rzan e h , F. S h a l l ,  S. M ic h e ls , P. and B o rs t ,  P. (1985) M olecu lar 
and B iochem ical P a ra s i to lo g y ,  14 , 251-259.
F a rz a n e h , F . ;  Meldrum, R. and S h a l l ,  s .  (1978) Nuc. A cids R es. V ol. 
15 , 3493-3501.
F e r r o ,  A.M. and O liv e ra ,  B.O. (1982) J .  B io l .  Chem. 257, 13, 
7808-7813.
F ly n n , I .W .; Bowman, I .B .R . (1973) Comp. Biochem. P h y s io l.
[B] 4 5 , 2 5 -42 .
F ly n n ,  I.W . Bowman, I .B .R ., Comp. B iochem . P h y s io l .  (1974)
48B, 261-273 .
F o rd ,  W.C.L. a n d  Bowman, I.B .R . (1973) T ra n s .  R. Soc. T ro p . Med. Hyg. 
6 7 , 257.
F r e d e r i c k s o n ,  D.S.? G o t to ,  A.M. and  L ev y , R .I .  (1972) in  th e  
M e ta b o lic  B a s is  o f  i n h e r i t e d  D ise a se s , ed s . S tan b u ry , J.B .;
183
W y n g aa rd en , J .B . an d  F re d e r ic k so n , D.S. (Me Grow H i l l ,  New York),
3 rd  E d ., 493-530.
F ugim ura , s . ,  Hasengawa, S. and Sugim ura, T. (1967) Biochem. B iophys. 
A cta  134, 496-499.
F u jim u ra , S.; Sug im ura, T. P o ly m e riz a tio n  o f  th e  a d e n o s in e  
5 '-d ip h o s p h a te - r ib o s e  m o ie ty  o f  NAD. In  "Methods in  enzym ology 
Me CORMICK, D.B. and WEIGHT, L.D. e d s ."  V o l. X V IIIb , 223-230 .
New Y ork, Academic p r e s s  (1 9 7 1 ).
F u l to n ,  J .D . ,  S p ooner, D .F . (1959) Exp. P a r a s i t o l .  8 , 137-162.
F u t a i ,  M. M izuno , D. an d  S u g im u ra , T. (1967) B iochem . B io p h y s . R es. 
Commun. 28, 395-399.
G a a l, J .C .  and P e a rso n , C.K. (1985) Biochem. J .  230 , 118.
G a a l, J .C .  and P e a rso n , C.K. (1986) TIBS 11, 171-175 .
G a r d in e r ,  P .R .; L am o n t, L .C ., J o n e s ,  T.W.; C un n in g h am , I . ,  J .  
P ro to z o o l .  (1980a) 2 7 , 182-185.
G a r d i n e r ,  P .R .; J o n e s .  T.W.; C unn ingham , I . ,  J .  P r o t o z o o l . ,  (1980b) 
27 , 316-320.
G h i o t t o ,  V.; B ru n , R. J e n n i ,  L .; H e c k e r , H ., Exp. P a r a s i t o l .  (1979) 
4 8 , 447-456 .
G i l l ,  D.M. (1 9 7 2 ), J .  B io l .  Chem. 247, 5964-5971.
G i l l ,  D.M. M eren, R. (1978) P ro c . N at. Acad. S c i .  USA 
75 , 3050-3054.
G ran t and  S a rg en t (1960) Biochem. J .  76 , 229-237.
184
G ray, D .A .; D urkacz, B.W. and S h a l l ,  S . (1981) FEBS L e t t .
131, 173-177.
Greenbaum, A .L . and P in d e r ,  S . (1968) Biochem. J .  107, 55 -62 .
G re e r , W .L.; K ap lan , J .G . (1983) Biochem. B iophys. R es. Commun.
115, 834-840.
G r e t e l ,  s . ,  L am ont; T u c k e r ,  R.S. and  C r o s s ,  A.M. (1986) P a r a s i t o l .
92 , 355-367.
G run icke, H.; L ie rs c h , M.; H inz, M.; P u sch en d o rf, B.; R ic a r t e r ,  E. 
and H o lz e r , H. (1966) Biochem. B iophys. A c ta . ,  121-228.
G ru n ic k e ,  H.; K e l l e r ,  H .J .,  P u s c h e n d o r f ,  B. an d  B e ra g u id ,  A. (1975)
E ur. J .  B iochem ., 53 , 41 -45 .
G u tte r id g e ,  W .E ., J .  P ro to z o o l .  (1969) 16, 306-311.
G u tte r id g e , W.E., Coombs, G.H. (1977) B io c h e m is try  o f  p a r a s i t i c  
p ro to z o a . B atim ore : U niv. P ark  P re s s .
H a jd u k , S .L ., K le in ,  V.A., E n g lu n d , P .T ., The r e p l i c a t i o n  o f  
K in e to p la s t  DNA m a x ic i r c l e s . , C e l l  (1984) 36 , 483-492.
H a lld o rs so n , H .; G ray , D.A. and  S h a l l ,  S. (1978) FEBS. LETT.
85, 349-352.
Hasegawa, S.; F u jim u ra , S.; S h im izu , Y. and Sugim ura, T. (1967)
Biochem. B iophys. A c ta . 149, 369-376.
Hawking, F. (1963) E x p e rim en ta l chem otherapy , volum e 1. New York: Academi 
P r e s s .  129-256.
Hawking, F . (1973) T ra n s . Roy. Soc. T rop . Med. Hyg. 67, 517-527.
185
Hawking, F. (1973) T ra n s . Roy. Soc. T rop . Med. Hyg. 70, 504-512.
H a y a is h i ,  0 . and Ueda, K. (1977) Ann. Rev. Biochem. 4 6 , 95-116 .
H a y a i s h i ,  0 .;  U eda, K.; K a w a ic h i ,  M.; O g a ta ,  N.; I k a i ,  K.; O ka, J . ;  
K im , H.R.; I t o ,  S .; S h i z u t a ,  Y. an d  O kayam a, H. (1979) P ro c . Fed . Am. 
S oc . Exp. B io l .  38 , 618.
H a y a i s h i ,  0 .;  K a w a ic h i ,  M.; O g a ta ,  N. and  U eda, K. (1981) i n  
"M e tab o lic  In te rc o n  v e r s  io n s  o f  Enzymes" (Eds. 0 . W ieland ; H elm reich  
and H. H o lz e r ) ,  S p r in g e r  V e r la g , New York.
H a y a is h i, 0 . and Ueda, K. ed s . (1982) A D P -rib o sy la tio n  r e a c t io n s :  
B io lo g y  and M edicine. Academic P re s s  New York.
H a y a i s h i ,  0 .;  U eda, K.; O ka, J . ;  K om ura, H. an d  N a k a n is h i ,  K. (1985) 
C u rr . Top. C e l l .  Reg. 2 1 ,  253-264.
H e c k e r ,  H. B ru n , R ., T r a n s .  R. S o c . T ro p . Med. Hyg. (1982)
76 , 692-697.
H i l l ,  G.C. (1976) Biochem. B iophys. A c ta . 456, 149-193 .
H i l l ,  G .C., S h im e r , S .P ., C au g h ey , B ., S a u e r ,  L.S. (1 9 7 8 a ) . S c ie n c e  
2 02 , 763-765.
H i l l ,  G .C., S h im e r ,  S .P ., C au g h ey , B ., S a u e r ,  S .,  A c ta  T ro p . (1978b) 
3 5 , 201-207 .
H i l l y a r d ,  D., R e c h s te in e r ,  M. and  O liv e ra ,  B. (1973) J .  C e l l .  
P h y s io l .  8 , 165.
H i lz ,  H. and S to n e , P.R. (1976) Rev. P h y s io l.  Biochem. Pharm acol.
76, 1-58.
186
H ilz ,  H. (1981) P h y s io l .  Chem. 362, 1415-1425.
H i l z ,  H .; W ie lc k e n s ,  K.; B r e d e h o r s t ,  R. a n d  W ie lc k e n s ,  K. (1982) In  
"A D P -rib o sy la tio n  R e a c tio n s"  (Eds. H a y a ish i, 0 . and Ueda, K.), 
Academic P r e s s .  305-321.
H irum i, H .; D oyle, J . J . ;  H irum i, K. (1977a) S c ie n ce  196, 992-994.
H irum i, H .; D oy le , J . J . ;  H irum i, K ., B u ll .  (1977b) WHO 5 5 , 405-409.
H oare, C.A., The try panosom es o f  mammals. A Z o o lo g ic a l monograph. 
O xfo rd : B lack w e ll S c i e n t i f i c  (1 9 7 2 ).
Ig le w s k i ,  W .J .; L ee , H .; M u lle r , P. (1984) FEBS. L e t t .  173, 113-118.
I k a i ,  K.; Ueda, K. and  H a y a ish i, 0 . (1980a) J .  H istochem . Cytochem. 
28 , 670-676.
I k a i ,  K.; U eda , K.; F u k u sh im a , M.; N akam ura , J .  and  H a y a is h i ,  0 . 
(1980b) P ro c .  N a t l .  A cad. S c i .  USA., 7 7 , 3 6 8 2 -3 6 8 5 .
I k a i ,  K .; D anno, K.; Im a m u ra , S. and  U eda, K. (1981) J .  D e rm m a to l. 
(Tokyo) 9 , 125-129.
I t o ,  S . ;  S h iz u ta ,  Y. and H a y a ish i, 0 . ,  (1979) J .  B io l .  Chem.
254, 3647-3651.
J a c k s o n ,  R .L .; G o t to ,  A.M.; S t e i n ,  0 . and  S t e i n ,  Y. (1975 ) J .  B io l .  
Chem. 250, 7204-7209.
J a c o b s o n ,  M.K. an d  J a c o b s o n ,  E.L. (1978) J .  S u p ra m o l. S t r u c t . ,  S u p p l. 
2 ,7 4 ,  A b s tr a c t  177.
J a c o b s o n ,  E.L. and  N a ra s im h a m , G. (1979 ) F e d , P ro c . F ed . Am. Soc.
Exp. B i o l . ,  3 8 , 619.
187
J a c o b s o n ,  E .L ., L an g e , R.A. an d  J a c o b s o n ,  M.K. (1979) J .  C e l l .  
P h y s io l .  9 9 , 417-426.
J a c o b s o n ,  M.K.; L e v i ,  V.; J u a r e z - S a l i n e s ,  H.; B a r to n , R.A. and  
Ja c o b so n , E .L . (1980) C ancer R es. 4 0 , 1797-1802.
Jam es, M.R. and Lehman, A .R . (1982) Biochem. 21 , 4007-4013.
J a n a k id e v i ,  K. and Koh, Ch. (1974) Biochem. 13, 1327-1330.
J e n n i ,  L .; B ru n , R. (1981 ) T r a n s .  R. Soc. T ro p . Med. Hyg.
7 5 , 150-151.
Jo h n so n , J .G . ;  C ro ss , G.A.M. (1977) J .  P ro to z o o l. 24, 587 -91 .
Jo h n so n , J .G ; C ro ss , G.A.M. (1979) Biochem. J .  178, 689-697 .
J o h n s to n e , A .P . and W illia m s , G .T . (1982) N a tu re , 300, 368-370.
J o h n s to n e , A .P . (1984) E u r . J .  Biochem. 140, 401-406.
J o h n s to n e , A .P .;  D a r l in g , D .C. (1985) Immunol. 55 , 685-692 .
J o n g s t r a - B i l e n ,  J . ;  I t t e l ,  M.E.; J o n g s t r a ,  T. and  M an d e l, P. (1981) 
Biochem . B iophys. R es. Coirmun. 103, 383-390.
J o rd a n ,  A. (1985) V e c to rs  and V ec to r C o n tro l. Br. Med. B u ll .
4 1 , 181-186 .
J u a r e z - S a l i n a s ,  H ., L e v i ,  V ., J a c o b s o n ,  E .I . ,  and J a c o b s o n ,  M.K.
(1982) Fed . P ro c . Fed. Am. Soc. Exp. B io l .  A b s tr . No. 1441.
Ju n p . D .B .; B u tt ,  T .R . and Sm ulson, M.E. (1980) B io c h em is try  
1 9 , 1031-1037.
K a n a i ,  M.; M iw a, M.; K ondo, T .; T a n a k a , Y.; N a k a y a su , M. an d  
S ug im ura , T . (1982) Biochem. B iophys, R es. Commun. 105, 404-411 .
188
K a w a ic h i ,  M., O ka, J .  U eda, K. and  H a y a is h i ,  0 .  (1 9 8 1 ) B iochem . 
B iophys. R es. Commun. 1 0 1 (2 ), 672-679.
K aw am itsu, H.; Tanigaw a, Y.; Shimoyama, M.; N oguchi, S.; H ishim ura,
S. and Sugim ura, T. (1986) P ro c . Japan  Acad. 62 , S e r .  B, 102-104.
Kawashima, K. and Izaw a, M. (1981) J .  Biochem. 89 , 1889-1901.
Khan, M.G. (1977) Ph.D . t h e s i s ,  U n iv e r s i ty  o f  S u ssex .
K id w e l l ,  W.R. an d  B u r d e t t e ,  K.E. (1974) B io ch em . B io p h y s . R es.
Commun. 61, 766-773 .
K r is te n s e n ,  T . and H o ltlu n d , J .  (1978) E ur. J .  Biochem. 88 ,495-501.
Kun, E ., Z im b e r , P.H ., C hang, A.C.Y.; P u s h e n d r o f ,  B. and  G ru n ic k e , H. 
(1975) P ro c . N a t l .  Acad. S c i .  USA, 72, 1436-1440.
L a m a r re ,  D.; T a l b o t ,  B.; L educ. Y.; M u l le r ,  S .; P o i r i e r ,  G. (1986) 
C e l l  B i o l . ,  6 4 (4 ) ,  368-376.
Lanham, S.M. (1968) N atu re  218, 1273-1274.
Lanham, S.M. and G odfrey , D.G. (1970) Exp. P a r a s i t o l .  28, 521-534.
L av e ran , A. (1902) C.R.Hebd Seances Acad. S c i .  134 , 734-739.
Law ley, p .D . (1966) P ro g . N ucl. A cid R es. M ol. B io l .  5 , 89.
Lehman, A.R. (1978). In  " E f fe c ts  o f  Io n iz in g  R a d ia tio n  on N ucleic  
A c id s "  (P.N. C a m p b e ll and  W.N. A ld r id g e ,  e d s )  V o l. 13 , 71 -119  
Academic P r e s s ,  New York.
Le Ray, D ., B a r ry , J .D . ,  Vickermam, K. (1978) N a tu re  273, 300-302.
L e s te r ,  H .A .; S te e r ,  M .L .; M ich ae lso n , D.M. (1982) J .  Neurochem.
38, 1080-1086.
189
L e v i, V .,  Ja co b so n , E .L . and Ja c o b so n , M.K. (1978) FEBS L e t t s .
8 8 , 144-146 .
L in , L .F .H . and H enderson, L .M ., (1972) J .  B io l .  Chem.,
247, 8023-8030.
L u n ce , J . ;  G e o rg e , A.M.; C ram p, W.A.; H ed g es , M.; W hish , W.J.D. and  
H unt, B. (1984) B r. J .  C ancer 4 9 , S u p p l. V I, 19.
M alik , N . , B u s tin ,  M. and Sm ulson, M.E. (1982) Nuc. A cid R es.
1 0 (9 ) ,  2939-2948.
M andel, p . ;  O K azaki, H. and N ied erg an g , G. (1977) FEBS L e t t s .
84 , 331-336 .
M a n d e l, p . ,  N e id e rg a n g , C. an d  O k a z a k i ,  H. (1980) In  " N o v e l,  ADP- 
r ib o s y l a t i o n  o f  r e g u la to ry  enzym es and p ro te in s "  E ls e v ie r  N orth  
H o lla n d , In c .  (Sm ulson. M.E. and Sugim ura, T. e d s . ) .
Me L a c h la n , J . ;  Batem an, M. and W o lp e rt, L. (1976) N atu re  
264, 267-269 .
M ilam, K.M. and C le a v e r , J .E .  (1984) S c ien ce  223, 589.
M i l l e r ,  J .A . (1970) Cancer R es. 3 0 , 554.
M i l l e r ,  E .G . (1975a) Biochem. B io p h y s. R es. Commun. 66, 280-286 .
M i l l e r ,  E.G. (1975b) Biochem. B iophys. A c ta . 395, 191-200.
M i l l e r ,  M .R .; C a s t e l l o t ,  J . J .  and  P a rd e e , A.B. (1978) Biochem.
17 , 1073-1080 .
M i l l e r ,  E.N. an d  T u r n e r ,  M.J. (1981) P a r a s i t o l .  82, 63-80.
190
M iw a, M.; T an k a , M.; M a ts u s h im a , T. and  S u g im u ra , T. (1974) J .  B io l .  
Chem. 249, 3475-3482.
Miwa, M.; Tanaka, M.; S h in s h i ,  H.; T akeuchi; M.; M atsushim a, T.; 
Sugim ura, T. and S h a l l ,  S . (1975) J .  Biochem. (Tokyo) 77 , 3 .
Miwa, M.; Saikaw a, N.; Yamaizumi, Z.; N ish im ura , S. and Sugim ura, T.
(1979) P ro c . N a t. A cad. S c i .  USA. 76 , 595-599.
Miwa, M.; I s h ih a r a ,  M.; T ak ish im a, S.; Takasuka, N.? Maeda, M; 
Y am aizum i, z. and Sug im ura , T. (1981) J .  B io l. Chem. 256, 2916-2921.
M o rio k a , K.; T a n a k a , K.; N okuo, T .; I s h iz a w a ,  M. an d  Ono, T. (1979) 
Gann. 70 , 37 -46 .
M oss, J .  and Vaughan, M. (1978) P roc . N atn . Acad. S c i .  USA 
75 , 3621-3624.
Moss, J .  and Vaughan, M. (1980) in  "Novel A D P -rib o sy la tio n s  o f  
R e g u la to ry  Enzymes and P ro te in s "  (Eds. M.E. Sm ulson and T. Sugim ura) 
E l s e v ie r ,  N orth  H o lla n d , New Y ork, 391-399.
M oss, J . :  Vaughan, M. (1982) A D P -rib o sy la tio n  r e a c t io n s :  B iology and 
M edic ine . Academic P re s s  New York 637-645.
N ak am u ra , S .; I k e d a ,  M.; T s u j i ,  H.; N is h iz u k a ,  Y. a n d  H a y a is h i ,  0 . 
(1963) Biochem. B iophys. R es. Commun. 131, 285-290.
N a t a r a j a n ,  A .J .; C s u k a s , I . ;  D e g r a s s i ,  F .; Van Z e e la n d ,  A.;
P a l i t t i ,  F .; T a n z a r e l l a ,  c . ;  De S a l v i a ,  R. and  F i o r e ,  M. (1982)  
p r o g .  M ut. R es . 4 ,  4 7 -5 9 .
N duka, N.? S k id m o re , C .J . and  S h a l l ,  S. (1980) E u r . J .  B iochem .
105, 525-530.
191
Newton, B.A., The ch a th e rap y  o f  try p a n o s o m ia s is  and le is h m a n ia s e s ,  
to w a rd s  a  more r a t i o n a l  approach . In  "C iba F oundation . 
T ry p an o so m ias is  and le is h m a n ia se s  w ith  s p e c ia l  r e fe re n c e  t o  C hagas ' 
d is e a s e "  Amsterdam: A sso c ia ted  S c i e n t i f i c  P u b lis h e r  (1974) 285-307 , 
C iba  F oundation  Symposium 20 (new s e r i e s ) .
N ie d e rg a n g ,  C.; O k a z a k i, H. an d  M an d e l. P. (1979) E u r. J .  B iochem . 
102, 73 -75 .
N ish iz u k a , Y. and H a y a ish i, 0 .  (1963) J .  B io l .  Chem. 238, 3369-3377
N is h iz u k a ,  Y.; U eda, K.; N akazaw a, K ., a n d  H a y a is h i ,  0 . (1967)
J .  B io l .  Chem. 242, 3164- 3171.
N is h iz u k a ,  Y.; U eda, K.; J o n g o , T. an d  H a y a i s h i ,  0 . (1968) J .  B io l .  
Chem. 243, 3765-3767.
N is h iz u k a ,  Y.; U eda, K.; Y o s h ih a r a ,  K.; Y am am ura, H.; T a k e d a , M. and  
H a y a is h i, 0 . (1969) Cold S p rin g  H arbor Symp. Q uant. B io l.
34, 781-786 .
N isse lb au m , J .S .  and G reen, S. (1969) A n a l. Biochem. No. 1 .
2 7 , 212-217 .
O g a ta ,  N. U eda, K ., K a w a ic h i , M. a n d  H a y a i s h i ,  0 . (1981) J .  B io l .  
Chem. 256, 4135-4137.
O h a s h i ,  Y.; U eda, K.; K a w a ic h i , M. an d  H a y a i s h i ,  0 . (1983) P ro c .  
N a t l .  A cad. S c i .  USA 80, 3604-3607.
O h g u sh i, H .; Y o sh ik ara , K. and Kamiya, T . (1980) J .  B io l .  Chem.
255, 6205-6211.
O h ts u , E. and N ish izu k a , Y. (1 9 7 1 ), M ethods in  Enzym ol., 18B^127-131
O kayam a, H.; E d so n , D.M.; F u k u sh im a , M.; U eda , K. an d  H a y a i s h i ,  0 .
(1977) J .  B io l. Chem. 252, 7000-7005.
O kayam a, H.; H onda, M. an d  H a y a is h i ,  0 . (19 7 8 ) P r o c .  N a tn . A cad. S c i .  
USA 75 , 2254-2257.
O k o lie , E.E. and O n y e z i l i ,  N .I. (1983) A D P -ribosy l t r a n s f e r a s e  in  
Plasmodium (M a la ria  P a r a s i t e s ) .  Biochem. J .  209 , 687-693 .
O p p e rd o e s , F .R .; B o r s t ,  P. a n d  De R i j k e ,  D. (19 7 6 ) Comp. B iochem . 
P h y s io l .  55B, 25 -30 .
O pperdoes, F .R .; B o rs t ,  P . ,  FEBS L e t t .  (1977) 8 0 , 360-364.
O p p e rd o e s , F.R.? B o r s t ,  P .; B a k k e r, S. and  L e e n e , W. (1977 ) E u r. F. 
Biochem. 76, 29 -39 .
O pperdoes, F .R . (1985) B r. Med. B u ll .  41, 130-136 .
O rd , M .G., S to ck en , L.A. (1977) Biochem. J .  161 , 583 -592 .
O ta k e ,  H.; M iw a, M.; F u j im u r a ,  S .; S u g im u ra , T. (1 9 6 9 ) J .  B iochem .
65 , 145-146.
O v e r a th ,  P .; c z i c h o s ,  J . ;  S to c k ,  U. and N o n n e n g a e s s e r ,  C. (1983) EMBO. 
J .  2 ,  1721-1728.
P e k a l a ,  P.H.; L a n e , M.D.; W a tk in , P.A. and  M o ss , J .  (1 9 8 1 ) J .  B io l .  
Chem. 256, 4871-4876.
P e t z o l d ,  S .J . ;  B o th , B.A.; L e im a c h , G.A. and  B e r g e r ,  N.A. (1981) 
B io c h em istry  20 , 7075-7081.
P i s e t s k y ,  D .; B erkow er, I . ;  W ickner, R. and H u rw itz , J .  (1972)
J .  M ol. B io l . 71 , 557-571.
193
P itta m , M.D. (1970) Conp. Biochem. P h y s io l .  33B, 127-128.
P r e i s s ,  J .  and H an d e le r, P . (1958a) J .  B io l .  Chem. 233, 488-492 .
P r e i s s ,  J .  and H an d e le r, P . (1958b) J . B i o l .  Chem. 233, 493-500.
P r e i s s ,  J . ;  S c h la e g e r , R. and H i lz ,  H. (1971) FEBS L e t t .
19 , 244-246.
P o i r i e r ,  G.G.; S a v a rd ,  P .; R a j o t t e ,  D.; M o r i s s e t ,  J .  and  L o rd , A.
(1978) Can. J .  Biochem. 56 , 784-790.
P o r te o u s , J.W. and P ea rso n , C.K. (1982) In  "A D P -rib o sy la tio n
r e a c t io n s "  (0 . H ay a ish i and K. Ueda, e d s ) ,  Acad. P re s s .  New Y ork.
P u c k , T .T .; M a rc u s , P .I .  an d  C le u v r a ,  V .J . (1956) J .  E x p t. Med. 
103, 273.
P u r n e l l ,  M.R. and W hish, W .J.D . (1980) Biochem. J .  185, 775-777.
P u r n e l l ,  M.R.; S to n e ,  P.R. an d  W h ish , W.J.D. (1980) B iochem . S oc. 
T ra n s . 8 , 215-227.
P u r n e l l ,  M .R.; S tone P .R .; Suroway, C. and  W hish, W .J.D. (1980) 
Dev. c e l l .  B io l .  6 , 285.
R a s t l ,  E. and S w e tly , P. (1978) J .  B io l .  Chem. 253, 4333-4340.
R e c h s te in e r ,  M.; H il ly a rd ,  D. and O l iv e r ,  B.M. (1976a) N atu re  
(London) 259, 695-696.
R e in h a rd , P .; B u rk h a l te r ,  M. and G a u ts c h i ,  J.R . (1977) Biochem. 
B iophys. A c ta . 474, 500-511.
R e s c h s te in e r ,  M.; H i l ly a rd ,  D. and O l iv e r ,  B.M. (1976b) J .  C e l l  
P h y s io l .  8 8 , 207-217.
194
R e e d e r ,  R.H; U eda, K. Hon j o ,  T .; N is h iz u k a ,  A. and  H a y a i s h i ,  0 .
(1967) J .  B io l . Chem. 242, 3172-3179.
R i c h t e r ,  C.; W i n t e r h a l t e r ,  K.M.; B a u m h u te r , S .; L o t s c h e r ,  H.R.;
M oser, B. (1983) P ro c . N a t l .  A cad. S c i .  USA. 80 , 3188-3192.
Rickm an, L .R. and Robson, J .  (1970) B u ll .  WHO 42, 911-916.
R i f k in ,  M.R. (1978) P ro c . N a t l .  Acad. S c i .  USA 75 , 3450-3454.
R o b e rtso n , M. (1912) P ro c . R. S o c . S e r .  B. 85, 527-539 .
R o c h e t t e - E g ly ,  C.; I t e l l ,  M .E., B i l e n ,  I .  an d  M an d e l, P. (1980)
FEBS L e t t .  1 2 0 (1 ), 7 -1 1 .
R om er, V.; L a m b re tc h t ,  J . ;  K i t t l e r ,  M. and  H i l z ,  H. (1968) H oppe- 
S e y le rs  Z. P h y s io l .  Chem. 349-109 .
R y le y , J .F .  (1962) Biochem. J .  85 , 211-223.
Sarm a, D.S.R.; R a ja la k sh m i, S. and Sarm a, P.s. (1961) Biochem.
B iophys. R es. Commun. 6 , 389-393 .
S c h o l l e r ,  H.; O t to ,  B.; N u s s l e i n ,  U.; H u t, J . ;  h e rm a n n , R. and  
B o n h o e ffe r , F. (1972) J .  M ol. B io l .  63, 183-200.
S c h o n i, R. J e n n i ,  L .;  B run, R . (1982) Z. P a ra s i te n k d .  6 8 , 1 -5 .
S h a l l ,  S. (1975) B io c h em istry  (Tokyo) 77, 2.
S h a l l ,  S .; G oodw in , P .; H a l l d o r s s o n ,  H.; K han, G.? S k id m o re ,  C. and  
T so p a n a k is , c .  (1977) Biochem . S o c . Symp. 42, 103-116.
S h a l l ,  S .; D u rk a c z , B.W.; G ra y , D.A.; I r w i n ,  J .?  L e w is ,  P .J . ;  P e r e r a ,  
M. and  T a v a s s o li ,  M. (1982) In  "M echanisms o f  C hem ical C a rc in o g e n e s is . 
E ds. P . C e r u t t i  and C. H a r r is "  A lan L is s  and C o ., New Y ork. 389-407.
195
S h a l l ,  S . (1984) Adv. R a d ia tio n  R e p a ir , V o l. 1 1 , 1 -69 .
S h a l l ,  S . (1984a) Nuc. A cids R es. Symposium S e r ie s  13 , 143-191.
S h im oyam a, M.; K aw a i, M.; H o sh i, Y. and  U ed a , I .  (1972) B iochem . 
B iophys. R es. Commun. 4 9 , 1137.
S h iz u ta  e t  a l .  (1985) A D P-R ibosylation  o f  P r o te in s  [Synop. C o n trib . 
I n t .  Symp. A D P -R ibosy la tion  R e a c t.] ,  E d ite d  by: A lth a u s , F e lix  R.; 
H i lz ,  H elm uth; S h a l l ,  S .
S h iz u ta  e t  a l .  (1986) Adv. Enzyme R e g u l .,  25 , 377-384.
S jo e rd s m a . A.; G o ld e n , J .A .; S c h e c h te r ,  P . J . ,  e t  a l . ,  C l in .  R es. 
(1984) 32 , 559A.
S im p so n , A.M.; H u g h es , D. and S im p so n , L. (19 8 5 ) J .  P r o to z o l .
32 , 672-677.
S im s , J .L .;  S i k o r s k i ,  G.W.; C a t in o ,  D.M.; B e r g e r ,  S .J . and  
B e rg e r, N.A. (1982) B iochem . 2 1 , 1 8 1 3 -1 8 2 1 .
S k id m o re , C .J .;  D a v ie s ,  M .I.; G oodw in , P.M.; H a l l d o r s s o n ,  H., L e w is , 
P . J . ;  S h a l l ,  S . and z i a e e ,  A. (1979) E ur. J .  Biochem. 101, 135.
S m ith ,  J .A .; S to c k e n ,  L.A. (1973) B iochem . B io p h s . R es . Commun.
54 , 297-300 .
S m u lso n , M.E.; S c h e in ,  P .; M u l l i n s ,  D.W. an d  S u d h a k a r ,  S. (1977) 
C ancer R es. 37 , 3006-3012.
S r iv a s ta v a ,  H.K. and Bowman, I .B .R . (1971) Coirp. Biochem. P h y s io l .  
40B, 973-981 .
S r iv a s ta v a ,  H.K. and  Bowman, I .B .R . (1972) N a t. New B io l .
235, 152-153.
196
S te i g e r ,  R .F. (1973) A c ta . T ro p . (B ase l) 30 , 64-168.
S te i g e r ,  R .F .;  S te ig e r ,  E.A. (1976) J .  P a r a s i t o l .  62, 1010-1011.
S te i n ,  0 .  and S te i n ,  Y. (1973) Biochem. B iophys. A cta .
326 , 232-244.
S to n e , p .R . and S h a l l ,  S . (1973) E ur. J .  Biochem. 38, 146-152.
S to n e , P.R . W hish, W .J.D . and S h a l l ,  S. (1973) FEBS L e t t .
36 , 334-338.
S to n e ,  P.R .; L o r im e r , W.S.; R a n c h a l i s ,  J . ;  D a n le y , M. and  
K id w e ll , W.R. (1978) N u cl. A cids R es. 5 , 173-184.
S t r e f f e r ,  c .  and B enes, J .  (1971) E u r. J .  Biochem. 21 , 357-362 .
S t u a r t ,  K.; K in e to p la s t  DNA, m ito c h o n d r ia l  DNA w ith  a  d i f f e r e n c e .
(1983) Mol. Biochem. P a r a s i t o l .  9 , 93-104.
S ug im ura , T.; Yamada, M.; Miwa, M.; M atsushim a, T.; H idaka, T.; 
N ag ao , M.; I n u i ,  N.; T ak a y am a , S. (1973) Biochem. Soc. T ran s .
1 ,  642-644.
Sugim ura, T. (1973) P ro g . Nuc. A cids and Mol. B io l .  33 , 127-151 .
S ug im ura , T.; F u jim u ra , S.; Ja seg aw a , S. and Kawamura, Y. (1967)
Biochem . B iophys. A c ta . 138, 438-441 .
Sugiyam a, M. and Komamine, A. (1987) P la n t  C e l l  P h y s io l.
2 8 , 541-544.
S u h a d o l in k ,  R .J .;  B a u r , R .; L i c h t e n w a l n e r , D.M.; U em a tsu , T .; 
R o b e r t s ,  H .J .; s u d h a k e r ,  S. an d  S m u lso n , M. (1977) J .  B io l .  chem . 
2 52 , 4134-4144.
197
S u h a d o l in k ,  R .J .;  L i c h te n w a l n e r ,  D.M.; Wu, J .  and  S aw ada , Y. (1980) 
in  "Novel A D P -rib o sy la tio n  o f  R e g u la to ry  Enzymes and P ro te in s "  (Eds. 
M. Sm ulson and T. Sugim ura) E ls e v ie r ,  N orth  H o llan d , 11-20.
Surowoy, C. and W hish, W .J.D . (1980) Biochem. Soc. T ra n s . 8 .178 .
S u z u k i ,  H.; U c h id a , K.; S h im a , H.; S a to ,  T .; O kam oto , T .; K im u ra , T. 
and  Miwa, M. (1987) Biochem. B iophys. R es. Comm. 146, 403-409.
T anigaw a, Y .; T su c h iy a , M.; Im a i, I .  and Shimoyama, M. (1984)
J .  B io l .  Chem. 259, 2022-2029.
T a n k a , M.; H a y a i s h i ,  K.; S a k u ra ,  H.; M iw a, M.; M a ts u s h im a , T. and  
Sugim ura , T. (1978) N ucl. A cids R es. 5 , 3183-3194.
T a n n e r , M ., A c ta . T rop . (1980) 37, 203-220.
Tanuma, s . ;  Kawashima, K. and Endo, H. (1986a) J .  B io l .  Chem.
26 1 , 965-969.
Tanuma, s .;  Kawashima, K. and Endo, H. (1986b) Biochem. B iophys.
R es . comm. 135, 979-986.
Tanuma, S .; Kawashim a, K. and Endo, H. (1986c) Biochem. B iophys.
R es . coirm. 136, 1110-1115.
T a v a s s o l i ,  M; T a v a s s o l i ,  M.H. and  S h a l l ,  S. (1983) E u r. J .  B iochem . 
135 , 449-455 .
T h i Man, N. and S h a l l ,  S . (1982) E ur. J .  Biochem . 126, 83-88 .
T o b ie ,  E .J .;  B ra n d , T. Von an d  M ehlm an, B. (1950) J .  P a r a s i t o l .
36 , 4 8 -5 4 .
T ra g e r ,  W., C u l t iv a t io n  o f  p a r a s i t e  in  v i t r o  (1978) Am. J .  Trop. Med. 
Hyg. 2 7 , 2 1 6 -2 2 2 .
198
T s o p a n a k is ,  C.; Mac L a re n ,  E.A. and  S h a l l ,  S. (1976) B iochem . S oc. 
T ra n s . 4 , 774-777.
T s o p a n a k is ,  C.; L e e so n , E .; T s o p a n a k is ,  A. an d  S h a l l ,  S. (1978)
Eur. J .  Biochem. 9 0 , 3 3 7 -3 4 5 .
T u rn e r , M.J. (1984) A n tig e n ic  V a r ia t io n  in  i t s  b io lo g ic a l  c o n te x t .  
P h i lo s o p h ic a l  T ra n s a c tio n s  o f  th e  Royal S o c ie ty .  B307, 2 7 -4 0 .
U ed a , K.; Oka, J . ;  N u ru m iy a , S .; M iyakaw a, N. and  H a y a i s h i ,  0 .
(1972) Biochem. B iophys. R es. Commun. 76 , 516.
U ed a , K.; O m ach i, A.; K a w a ic h i ,  M.; H a y a is h i ,  0 . (1975) P ro c .  N a t. 
A cad. S c i .  USA 72, 205-209.
U ed a , K.; K a n a ic h i ,  O kayam a, H. and  H a y a is h i ,  O. (1979) J .  B iochem . 
Chem. 254, 679-687.
U ed a , K ., K a w a ic h i , M.; O g a ta ,  N. and H a y a is h i ,  0 . (1982) i n  
"N u c le ic  a c id  re s e a rc h : f u tu r e  developm ent" (W atanabe, I .  e d ) , Acad. 
P r e s s ,  New York.
Ueda, K. and H ay a ish i, 0 . (1985) A D P -rib o sy la tio n . Ann. Rev. Biochem. 
54 , 73 -100 .
Van d e r  P lo e g ,  L.H.T.; V a l e r i o ,  D.; De l a n g e ,  T .; B e r n a r d s ,  A.;
B o rs t ,  P. and G rosve ld , T.C. (1982) Nuc. A c id s  R es. 1 0 , 5 9 0 5 -5 9 2 3 .
Van M eirvenne , N. J a n s s e n s , P.G. and Magnus, E. (1975a) A nnales de  l a  
s o c i e t e  B eige de M edicine T ro p ic a le  55 , 1 -2 3 .
Van M e irv e n n e , N.; J a n s s e n s .  P.G .; M agnus, E*« L um sden , W.H.R. an d  
H e rb e r t ,  W.J. (1975b) A nnales de l a  s o c ie t e  B eige d e  M edecine 
T r o p ic a le  55, 25-30.
199
Van M e irv e n n e , N.; M agnus, E .; J a n s s e n s ,  P.G. (1976) Ann. Soc.
B eige . Med. T rop . 56 , 55.
V ickerm an, K. (1965) N a tu re , 208, 762-766.
V ickerm an, K. (1969) J .  C e l l .  S c i .  5 , 163-193.
V ickerm an, K. and L u ck in s , A.G. (1969) N a tu re  224, 1125-1126.
V ickerm an, K. (1969) J o u rn a l  o f  C e ll  S c ie n ce  5 ,  1 6 3 -1 9 3 .
V ickerm an, K., M o rp h o lo g ica l and P h y s io lo g ic a l  c o n s id e r a t io n s  o f  
e x t r a c e l l u l a r  b lo o d  p ro to z o a . In  " F a l l i s  A.M. ed. Ecology and 
p h y s io lo g y  o f  P a r a s i t e s "  U n iv e r s i ty  o f  T o ron to  (1971) 58-91 .
V ickerm an, K., (1978) N a tu re , 273, 613-617.
V ickerm an, K. (1985) B r i t i s h  M edical B u l l e t i n ,  V o l .41 , N o.2. 105-114.
V i t t i ,  P .; De W o lf , M .J.S .; A c q u a v iv a , A.M.; E p s t e i n ,  M.; Kohn, L.D.
(1982) P ro c . N a t l .  Acad. S c i .  USA 79, 1525-1529.
Waddy, B.B., C hem oprophylaxis o f  human try p a n o s o m ia s is . In  "M ulligan  
HW, ed. The A fr ic a n  try p a n o s o m ia s is "  London: a l i e n  and Unwin (1970) 
711-725.
W a la a s ,  0 . ;  H o rn , R .S .; L y s ta d ,  E .; A d le r ,  A. (1981 ) FEBS. L e t t .
128, 133-136.
W h ish , W.J.D.; D a v ie s ,  M .I. an d  S h a l l ,  S. (1975) B io ch em . B io p h y s . 
R es. Conmun. 6 5 , 722-730 .
W ie lc k e n s ,  K.; G a r b r e c h t ,  M; K i t t e r ,  M. and  H i l z ,  H. (1980) E u r. J .  
Biochem. 104, 279-287.
200
W ielch e n s, K.; S ach sen m aier, W. and H ilz ,  H. (1979) H oppe-S ey lers  Z 
P h y s io l ,  chem. 360, 39 -43 .
W i j e r s ,  D .J .B ., W i l l e t t ,  K.C. (1960) Ann. T ro p . Med. p a r a s i t o l .
54 , 341-350.
W ije r s ,  D .J .B . (1957) N a tu re , 180, 391-392 .
W i l l i a m s ,  G.T.; S h a l l ,  S. an d  F o rd , C. (1 9 8 3 a) B iochem . B io p h y s . 
A c ta . 762, 272-280.
W i l l i a m s ,  G.T. (1983b) Exp. P a r a s i t o l .  56, 409-415.
W illia m s , G .T. (1984) J .  C e l l .  B io l .  V ol. 99 , 79 -82 .
W illiam so n , J . ,  E xpt. P a r a s i t o l .  (1962) 12 , 274-367.
W illia m so n , J . ,  Review o f  c h e m o th e ra p e u tic  and c h em o p ro p h y la tic  
a g e n ts .  In : M ulligan  HW, e d . The A fr ic a n  try p a n o so m ia s is .
London: A lle n  and Unwin (1970) 125-221.
W illia m so n , J .  Chem otherapy o f  A fr ic a n  try p a n o s o m ia s is .  T rop D is. 
B u l l .  (1976) 73, 531-542.
Wong, N.C.W.; P o i r i e r ,  G.G.; D ix o n , G.M. (1977) E u r . J .  B iochem .
77 , 1 1 -2 1 .
Wu, J .M .; L ennon , M.B. an d  S u h a d o ln ik ,  R .J . (1978) B iochem . B io p h y s  
A c ta . 520, 488-597.
Yamamoto, H. and Okamoto, H. (1980) Biochem. B iophys. R es . Commun. 
9 5 (1 ) ,  471-481 .
Y o rk , W.; A dam s, A.R.D. and  M u r g a t r o y o l ,  F. (1930) Ann. T ro p . Med. 
P a r a s i t o l .  24 , 115-163.
Y o sh ih a ra , K. (1972) Biochem. B iophys. Res. Commun. 4 7 (1 ) , 119-125.
Y o sh ih a ra , K. and K oide, S .S . (1973) FEBS L e t t .  3 0 , 261-264.
Y o s h ih a r a ,  K.? H a s h id a ,  T.? Y o s h ih a ra ,  H.; T a n a k a , Y. a n d O h g u s h i ,  H 
(1977) Biochem. B iophys. R es . Commun. 7 8 , 1281-1288.
Y o s h ih a r a ,  K.; H a s h id a ,  T .; T a n a k a , Y.; O h g u s h i ,  H .; Y o s h ih a r a ,  H. 
and kam iya, T. (1978) J .  B io l .  Chem. 253, 6759-6766.
Y o s h ih a r a ,  K.? T a n a k a , Y.; Y o s h ih a ra ,  H.; H a s h id a ,  T .; O h g u sh i , H.; 
A ra i ,  R. and Kamia, T. (1980) In  "Novel A D P -rib o sy la tio n s  o f  
r e g u la to r y  enzym es and p r o te in s "  E ls e v ie r  N orth  H o llan d  In c . 
(Sm ulson, M.E. and Sugim ura, T . , e d s ) .
Y o sh ih a ra , K., and Kamiya, T. (1982) In  "A D P -R ibosy la tion  R eac tio n s"  
(0 . H a y a ish i and K. Ueda, e d s . ) .  Academic P r e s s ,  New York.
Young, R .J .  and Sweeney, K. (1978) B io c h e m is try , 17, 1901-1908.
Young, R .J .  and Sweeney, K. (1979) J .  Em bryol. Exp. Morph.
49 , 139-152.
Z ahradka , P. and E b isu z a k i, K. (1982) E u r. J .  Biochem . 127, 579-585.
Z w e llin g , L.A.; K e rr ig a n , D. and Pommier, Y. (1982) Biochem. Biophys 
R es. Commun., 104 , 897.
